WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
C07H 17/00, 23/00, A61K 48/00 



Al 



(11) International Publication Number: WO 95/06056 

(43) International Publication Date: 2 March 1995 (02.03.95) 



(21) International Application Number: PCT/US94/09402 

(22) International Filing Date: 18 August 1994 (18.08.94) 



(30) Priority Data: 
08/110,114 



20 August 1993 (20.08.93) 



US 



<71) Applicant: UNIVERSITY OF MEDICINE & DENTISTRY OF 
NEW JERSEY [US/US]; 110 Administration Complex, 30 
Bergen Street, University Heights, Newark, NJ 07101-3000 
(US). 

(72) Inventors: STEIN, Stanley; 6 Rowen Court, East Brunswick, 
NJ 08816 (US). WEI, Ziping; 40 Marvin Lane, Piscataway, 
NJ 08854 (US). ZHU, Tianmin; 900 Davidson Road. 
Piscataway, NJ 08854 (US). TUNG, Ching-Hsuan; 760 
Bevier Road, Piscataway, NJ 08854 (US). 

(74) Agent: MUCCINO, Richard, R.; 758 Springfield Avenue, 
Summit, NJ 07901 (US). 



(81) Designated States: AM, AT, AU, BB, BG, BR, BY, CA, CH, 
CN, CZ, DE, DK, ES, FI, GB, GE, HU, JP, KE, KG, KP, 
MG, MN, MW, NL, NO, NZ, PL PT, RO, RU, SD, SE, SI, 
SK, TJ, TT, UA, UZ, VN, European patent (AT, BE, CH, 
DE, DK, ES, FR, GB, GR, IE, rT, LU, MC, NL, PT, SE), 
OAPI patent (BF, BJ, CF, CG, CI CM, GA, GN, ML, MR, 
NE, SN, TD, TG), ARJPO patent (KE, MW, SD). 



Published 

With international search report 



(54) Title: BRIDGED POLYCATTONIC POLYMER-OUGONUCLEOTTDE CONJUGATES AND METHODS FOR PREPARING 
SAME 



R 2 -tXR I CHCO] a -R 3 
NH 2 



R 2 - [ XR 6 COXCHCO] a -R 3 



I 



i 

R 4 -R 5 



R 2 - [ XCHCOXR 6 CO ] a -R 3 
R5-R4 R7 



(D 



(ID 



(III) 



(57) Abstract 

The present 
invention pertains to 
bridged polycauonic 
polymer-oligonucleotide 
conjugates comprising 
a polycauonic polymer 
covalently bonded at 
each end to a polyanionic 
oligonucleotide via a 
cross-linking agent, wherein 
the polycauonic polymer 
may be represented by 
formula (I) or formula (II) 
or formula (III) or formula 
(IV) or formula (V), 
wherein X is -NH-, -Or, 
or -S-; Ri is a lower-alkyl 
chain having from 1 to 4 
carbon atoms; R2 and R3 
are cross-linking agents; 
R4 is a lower-alkyl chain 
having from 1 to 5 carbon 
atoms; R5 is a primary 
amine, secondary amine, 
tertiary amine, quaternary 
ammonium salt, imidazole, 
or a guanidine group; R$ is 

an alkyl chain having from 1 to 2 carbon atoms; R7 is hydrogen, a lower-alkyl group having from 1 to 5 carbon atoms, -CH2C6H5, or 
-{CH2)tCOR3, wherein 2 is from 0 to 3; a is from about 3 to about 12; b is from about 2 about 5; c is from about 0 to about 3; d is from 
about 2 to about 5, e is from about 0 to about 3, f is from about 2 to about 9; g is from about 2 to about 5, h is from about 0 to about 3; i 
is from about 3 to about 12; and the ratio of cations in the polycauonic polymer to anions in the polyanionic oligonucleotide pair ranges 
from about 1:08 to about 1.5:1, respectively. 
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10 BRIDGED POLYCATIONIC POLYMER-OLIGONUCLEOTTOE 

CONJUGATES AND METHODS FOR PREPARING SAME 

15 BACKGROUND OF THE INVENTION 



This application is a continuation-in-part of application serial 
no. 07/850,555, filed 6 April 1992. 

20 

Field of the Invention 



25 This invention pertains to bridged polycationic polymer- 

oligonucleotide conjugates. The bridged conjugates comprise a polycationic 
~ jjioiynie&~Gw each* ehci tdVpoIya?^ 

linking agent. , The polycationic polymer bridging the two^plyanionic 
oUgonudeotide^lielps the oligonucleotides to%ind to complementary jgtrandS'jn a 

30 cooperative manner and aids hybrtaizatioi| through interacUotr^yith^ the 
oligontipleotide; . The bridged conjugates : have'-important applications^^: antijspnse 
and antigene fields. vt * ^ 



* *i L ITS 'J ? 



35 Descriptipn of the Background 



t- *. .-J (!..." * "> 

vnj ' nywcaV .je . X'"- 



The disclosures referred to" "herein to illustrate the background of the 
invention and to provide additional detail with respect to its practice _ are 



WO.95/06056 ; $£T/US94/09402 

. r . - 2 - 

4ncqjporated. herem^ for, convenience, . are numerically referenced 

- in jthe foUo>ying..text . and respectively, grouped in the appended bibliography. r> : 

j...... , ; : - cr . ^ Syqtheticx oligonucleotides, prp^dp: a new ^approach for controlling 

cellular or viral gene expression at die transcription or ? tr^slatipn : l^vel (1^ 3). 
Oligonucleotides, however, are highly sensitive to cellular nucleases and do not 
effectivly pass through cellular membranes. Hence, oligonucleotides have been 
chemically modified in -order to' njeet the requirements 'for therapeutic applications 
(4,5). 

: . r . One of^e-majqr ways to modify oligonucleotides is to append non- 
nucleic ,acid moieties to the oligonucleotides.^ . ^ OUgonucleotide-intercalator 

. conjugates have been ^prepared^and found Jp : have , different properties depending on 
the attached intercalators. b .Oligo^ucleotide-cacridine conjugates tiave been shown to 
increase the binding affinity of the oligonucleotide to its complementary single- 
stranded target or double-s^tranded target (6, 7). An oligonucleotide-phenanthroline 
conjugate has been shown to cleave double strand DNA in the presence of cupric 
ion and a reducing agent (8). Cationic polylysine conjugated to oligonucleotides 
has been shown to improve cellular uptake, nuclease stability, and binding ^affinity 

Recently, non-nucleic - acid moieties were reported to link short 
oligonucleotides to alter hybridization properties of oligonucleotides. - A pair of 

..tethered oligonucleotide proves complementary^ULtwo noncontiguous sites on RNA 
was demonstrated to bind cooperatively and monomerically to the RNA target (10). 
The tethered bridge containing phos^hodiester units had negative charges and may 
have a repulsive effect. A neutral poly(ethylene glycol) tether was : used later to 
minimize. electrostatic, effects <11). In- these cases,, no interaction between the 
bridge and nucleic acid target was reported. Oligonucleotides linked by a 
terephthalamide group were found to exhibit marked enhancement in stability of 

(duplex or triple helix formation^ 1 2). ~ DNA tripl&x formation was also enhanced by 
bridged oligonucleotides with linker groups containing phosphate and 1,3- 
propanediol (oxyphosphini cooxy, 13) or hexaethylene glycol groups (14). 

' ' " * While a number of cationic polymers have been conjugated to 
oligonucleotides to improve trie stability and cellular uptake of the oligonucleotides, 
none 'of these conjugate*!' oligonucleotides have been entirely satisfactory. 
Conjugated cationic polymers have riot been designed to substantially neutralize the 
oligonucleotide. "The present invention provides such oligonucleotide conjugates 
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: havi^Mmprov^ ~3*he v dH^nud&Bde 3 ^ig\jj^^''(^ be 

syntKetieaHy modified *to« vary the "raM^x^ £h^^^^^di^; :e aur^ tSe g€he?ral utility 
of the oligonucleotide to greatly facilitate gene regulation. The bridged conjugates 
S^-^&Pthe'piS^ri^^n^enfidfl may 6e«riipb^ : wrtir^ acceptable carriers 

5 lb prbvMek wBe'V^ -'^ 10 

o~ ocs ■iziztlvjr. vJ/. ''>*.■: vfrj >t 373 vet* Crowes. ^ ;.[:.* • 

--SUMMARY OF THE INTVENHON - IL£: ; 



10 

' ^ r * TKe present invention pertains fd bridged pblycationic polymer- 

5 — oFigonucleotide conjugates cdmpnsihg a pblycationic polymer covalently Sottcifed at 
"° ^eacfi^d to'& pbJyaffi^ agent, WKferein the 

: n pol^cationicp6iyinerm^ x : v\: 

•^v-.'o V ^ '4 5 A/K : ~ I. e ■ . * > 

NH 2 , > 

v; - or^thefonmila: r ^ , j .1- crro \ : v 

R 2 -[XR 6 COXCHCO] a -R 3 (II) 



25 . R 7 , Ra^Br 

~. or -the formula^ [^ nor ^ ^. ^^v* n- ? :^;bhcvd .;c^:- ^ .0 



35 uc:; n 



40 



or the formula: " . . f . , 

fc, =- ^ ^-i^HCOJi-R^r;,;; ^ 



^ "R 4 ^ / ^ ^ 



45 



wherein X is selected from the group consisting of -NH-, -rQ-., and -S-: Ri is a 
substituted or unsubstituted branched or unbranched lower-alkyl chain haying^ from 
1 to 4 carbon atoms in the chain; #2 Rs"^ 6 ;.^? 8 "^?^^^? 11 ^ co\^lently 
linking the polycationic polymer to the oligonucleotide; R4 is a substituted or 
unsubstituted branched or unbranched lower-alkyl chain having from 1 to 5 carbon 
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15 



35 



4 - 



atoms in- ths-:chain; : £5; is, ^el^ted from . the group consisting^of primary amines, 
secondary amines, tertiary amines, quaternary ammonium salts, imidazoles, and 
guanidine groups; .I^-^ atoms; R7 is 

selected from the group consisting of hydrogen, branched and unbranched lower- 
5 alkyl groups having from 1 to 5 carbon atoms, -CH2C6H5, and -(CH^CORs, .. 
wherein 2: is .arrinjeger rangmgcfrpm{0 to .Zj^iid^ds^ h d^fmtd above; a is an 
integer ranging from about 3 to about 12; b is an integer ranging from about 2 to 
about 5; c is an integer ranging from about 0 to about 3; d is an integer ranging 
from about 2 to tabqutS^e is* an r integer ranging front about G to about 3; f is an 
10 ; r integer ranging- from about 2 about 2 to 
::l about<6;:h js?:an* integer; ranging from about 0 to about 3; i is an- integer. ranging 
from about 3 to sil>out:12:^.and, the ratio of : cations in. ,the, potycationic polymer to 
r ,arions in the pqlyanioiuc^ to about 1.5:1, 

- ^respectively, _ . ^ , : v C . :r: . m ' ^ * :K ■ r - r . - . 



BRIERDISCRIPTION OF THE FIGURES tj 1 



20 ^ v , , . Figure 1 i§ -a-scheme illustrating the synthesis of^bridged polycationic 

polymeroUgonuckgti^ i; . r .>., c ... t u - f( _- . A . 



-ID I c 



« r .; - Figure ?, ;is a c^romatogram. on a Nuclesogen.DEAE 60-7 column. 
: iThe- following ab^jeyiations / arpwused, throughout this specification to refer to the 
25 /:; . ^bridged ranjugatesfc;^ T$fpzs to .the 9-mer : 5^-TAA TGT ( GAT r 3! ; //refers to the 9- 
^c ; : :ra^^V©AA>'W4% (^Q^zlbRn • Infers to pply^ginine, .where n is an integer 
v: . * denotingrr&e jiumb^ (DrR) refers , to D-arginine. 

1; Figure* 2^, shows: tlje 2 .purifipation of Rjl lt conjugate. Figure^ 2B. shows the 
7; J .;purifi^tipnrof^ bridged conjugate. Figure- 2C show^ a coinjection of five 
30 r :; cpmpK)nMts: : Cl) .(2) 9-mer; (4) IR3R3I (control 

sample) , and (5) IIRjIy; 



Figure: ;3)is a;, photograph of a native 20% polyacrylamide gel after 
••silver-staining-. • ■ * ; *,.> • ,. ? fJ . 

. . \:r.J?5gwe:-4 illustrates mixing curves for; formation of complexes... 

- , •■'/■■«. Figure 5 shows melting curves at 260 nm UV absorption/ 
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.... -u- - Figurt 6 sho'wy'the effects Bf 'peptide arid gap sink on T^J. : " T ' ' 

v A ur: ' : !z ' r figtii% T shtfwi tfeeeffecis^f- sypc^ncerftodonloh T^' ~ ;t ; - v: -- 
;,irh/u»'- iju baa «V.,!;;j£Tri ./".v.^o':o - r *.j -:.>.iJo;2ii--::> q - .. u "} rvn, Sm- vet 
iV 0'.' -; .; :■">)• L- is ,r 'I'j'rV/' . : no:.:. rr<~^n c cj ; .:;itr : ~ • '.qrt-.-~ •. 
:i ; ; - V-tr^^^kD^DESC^UPtlONiOF-l^ INVENTION-' ^'-j 

> ■: 7 «- o.. r^ e pj^nt Wehtion pertains -to bridged -polycationic polymer- 
^ oligonucleotide conjugates'^ bonded at 

each end to' a ^lyariidnfc 1 oligonucleotide 1 via a Cross-linking agent. 'The cations in 
the ^lycationic ! polyrn ahains in^a polyCationic peptide, are 

•attached to the" backbone' 1 i>f the polymer in r ¥ specific and repetitive manner 
mimicking the pattern of attachment of the anions (phosphate groups) in the nucleic 
acids of the polyanionic oligonucleotide. Each positively charged group in the, 
polycationic polymer is positioned to be close to a negatively charged phosphate 
group in the oftgonucllotide to neutralize the Wgative'cKafges in the oligonucleotide 
through electrostatic interactions. The peptide bridge can also interact with nucleic 
acid targets through electrostatic interactions or hydrogen bonds thereby increasing 
r:o binding affinity. Different r functidnal groups may : al&> be introduced into the 
peptide bridge to give additional properties to these comj?ounds; v " rr l' r 

r.r:; ! \; L - : Argilune-rich motifs have been 7 fbund : in v maiT^ nucleic acid binding 

* ^prdteih^/ such as" human 'imrtunodeficfencp viraS- r -(HF^ Taf '^dtein^ClS), 
^antiteminators^ 'Gag ; pibteins; ribbsorhaT prdfeins, -H^'kev^rotdW^r^^'d etc. 
"'Xrginine peptides and : even asinine amino acid^shtfwSi spei3ic'^?A Recognition 
r; £17)- 1 Therefore; ^ptide^n^ have 

* Strong interactiori^with the phosphate gibups 1 arid bafes-6f riu&eifc afefds?~In*lccord 
SvitK : the* present invention ; two differerit-9-mers cdftipenieritaty to^eigh&brifig but 

: ^on-contigubus sequences of single-branded 'DN A 'iairget VSreicovalratiy^ linked to 
both ends of a cationic peptide bridge, Cys-(Arg) n -G^ 7 ^(h^3 r 5> -7)^The C- 
terminal and N-terminal cysteines provided selective attachment to the two short 
oligonucleotides." ' The hybridization of bridged eo^jugate¥ to complementary 
strands was evaluated by mixing curves, peptide effect, gap effect and salt 
effect. Physicochemical studies showed that the peptide bridge helped the two 9- 
mers to bind to the complementary -strands in -a cooperative Iftdnner. Unlike single 
linkage peptide-oligonucleotide conjugates, the conformations of the polycationic 
peptides are more restricted in bridged conjugates enabling the bridged peptide to 
interact with the target. In addition, the increase of melting temperatures with the 
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addition of positive charges on the peptide suggested that the peptide bridge help the 
hybridization^ 'through* iriter^ctidn" with the 'bligbhucleotide. This type of bridged 
oligonucleotide conjugate may have unique properties as antis&fife-b^ antigene 
. compounds. - r : c ^ i ~ r 

The bridged conjugates of the present invention are a new class of 
oligonucleotides having unique properties. For example, the bridged conjugates 
have 'an 1 enhanced streh^ to the target 

nucleic acid because the ionic - repulsion iitherehfe. between the two £olya!nionic 
oligonucleotide stfahds is deduced! - Furthermore; the polycatiomc -bridge > may 
'icatalyz^ degradation of the' target -RN A strand, see Perello, M., Barbier, B., and 
Brack, A.; "Hydfofysis of Qligoribonuclebtides b^ Basic -Peptides", 

"Int.. J*. Femide Protein:^ nQ9i\ pp^. 154-1 60^- The bridged conjugates also 
- have enhanced stability m vivo because^degfad^tidn is-miniifiized-when the 3'- and 
S'-termini of the oligonucleotides; individually' or simultaneously, ^arg blocked by 
^.linkage to the: polycatidhic polymer: The ability of the bridged conjugates- to enter 
cells is- also enhanced' 1 because uncharged : oligbriud^tides -can ; more readily 
penetrate- through cellular^ membranes. - Chemotherapeufic ageiits^ such as 
^ intercalators, cell targeting agentSy transmetobrane delivery agents, and nucleases 
may also be coupled to the polyfcationic polyriter ~to farther enhance the activity of 
the bridged conjugates. * p =r 

i zc' \ j VAs sit Out above,' ^the^bridged ^lycatidnic polymer-oligonucleotide 
ponjugates -of th^«p^ polycatiohie polymer covalently 

^bonded at each end td a' pdlyambhic SligdhUcledtide via a cross-linking agent. " The 
polycatioriie-pol^mefs may*bs represented fry the-fbrmula* - - '-i : -ir^.-z i ■ 

o.' c i*oi* >} i^&$-xxK lC HC05 & -R 3 -: ( ' 1 ." • ■ : (l) 

""' NH 2 ' '"" ' 
or the formula: . ; ry .-.. ... . . .... .. 

. : =r.T .^nr:R5^ [X R^COXCHC03^-% L >■ (II) ; 

~>i Ji.r Ac. ■ 9/:. •-; : •.-•.I- -_; C I" -. ; . .0 . • 

: -; R 7,.. . . R 4 : - . . . / . , _ 

pr : the formula:. _ ,., , ,. . - - . , .. 

~ ' "■ "--"-^ V R2-[XCHC0XR 6 C©} a -RS^ ^" • . - (ill) 

R5-R4 R 7 

or the formula: 
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5 R 2 - [XCHCO] i-R 3 . :L^;-oct;; (v) 

R4-R5 

10 : - ^ - 0 3,;> fvrr — - 1 -f .-"j.^r* c \. '.a*: £.*' •-' ~- * JZ' " 

,, t c , ^ The : poJyanioaip ottgonucjeotides in the present kjyeption may /fee any 
; r natural 01; ^th^^-oligonucl^otide ; 2 HPPwn in; the c art. ^ Ti*e ppjyanionic 
oligonucleptidesr fjnay be >f OUgpdeoxyq)3onueleic ?. : acids (normal _DNA), 
; oligoribonucleic^acids (nprrn^l RNA), backbone-modified oligonucleotides such as 
15 * 5i methylated-R^ 

r y : and_ combi^ons, pfrnprmaU andribackbpne-modifred jjjHgo^ucleotid©^; The 
oligonucleotide r; sequence mfcy- be ^a; sense «■ strand \ Of i-an antisents&v strand 
,i ;;(j»mplem^nt^-toreiJtheria DNAjor RNAiseque^,c^^j*.€.,;tbe sense siiand,- of the 
^ genq to _be : inhibited^. - Preferably, the. oligonucleoiide sequence is *an antisense 
20 «• Strang. Antisense carrier and b^^oneHTjodifl^-oUgonucleG^desisre more fully 
VJ described -in Steinjej ahq New Jersey Medicine, 8%^ pp. 1011-1015 (1990), 
: Stein # al., Journal:. ofMquid, Qiwrnmo^raphy^Jl, -pi*;J200$72017 (1938), and 
.Miller?, BioJTechnolQgyxfr fM>^358-3$2 (1991), wh^h disclosures are:irtco7porated 
herein by reference. ^s:.-^;. .. t* / : 

25 

The oUg<jnucleotides : may be jn f «itfw ;th$ £'rv>. 3* or the 3'— >«§• 
orientation, with sespopt to the p§lycatio/MC polymer, inibe. oligonucleotides ^may be 
either the same o£-4iffe;renk. and prefe^ly[^^4if€ef^iti oVS5ii)e,the ; jtelyajiionic 
oligonucleotides of the,present invention -a^fe nott fcmit«& te^yLspeqific uturab^r of 
30 nucleotide monomers, the polyanionic oligonucleotides preferably each comprise 
. - from about 5 to about 24 nucleotides * ,rnore~preferably from about 6 to about 16 
nucleotides, and most preferably from, about 7 to about 14 nucleotides. 

The polycationic polymers in the present invention may be natural or 
35 synthetic polypeptides, pseudopsptides* or- poly^mines. The cations in the 
polycationic polymer are attached to the backbone of the polymer in a specific and 
repetitive manner mimicking the pattern of attachment of the anions in the 
oligonucleotide. Preferably, the cation is selected from the group consisting of 
primary amines, secondary -amines, tertiary amines; quaternary ammonium salts, 
40 imidazoles, and guanidine groups. 
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: ; ■ , Pseudqpegtides .contain backbone modifications such. as amide bond 
surrogates. The tenn^jsu^ogate" . as n uspd herein .refers to an amide bond 
modification which involves replacement of a naturally occurring amide bond by an 
, _ unnatural. . bond . . ; r ^ Npn^oy tin g ; j^amples of ain ide bond... modifications include 
5 . ^ ..ketones ^CQCH2-),. thioe$ters (-CpS-), substituted ,amide$ ^(-CONR-) esters ; , 

Z h ^t-C^ ^l^oups (-CT2CH2-), 

• - t sulfides : ^CH2S-) t ,. sulfoxides (HPH2SO-),, sulfones (-CH^SC^0y alkene r groups 
: , r , <-CH=CH-), and unnatural ( amide ^oups.(-NHCO-).f „Th e term "pseudopeptide" as 
used herein refers , to . a peptide., analog -containing an ^mide bacichgne -modification, 
10 The term "p^i^dpi^ptide" fr ^so,. refers, , to, 

- , employing side chairu amines,, instead ..of alphaiamines. . Peptide backbone 
, modifications aye generally ^employed to .xonfpr^ stability to a peptide against 
r . enzymatic or proteolytip degi^ajion such as to p^ep^ an orally active peptide or a 
\ PPRtide haying sust^iqed ^ctiy^ty, , Ai^ino ac^is containing amide, bond 
15 modifications are termed pseudoamino acids. Peptide backbone modifications are - 
well known in the art and are discussed in detail in "Chemistry and Biochemistry of 
, Amino Acids,. Peptides, anji Proteins",, Volume 7, B. Weinstein, Ed., Ch. 5, 
. M§rpel DQkker,. *New York, -N^w York (1983), which disclosure is . incorporated 
r . herein, by referer\pe. 0 : „ 

20 * ' 

r .; r , [v 7: „ vtoj^ jSrst eipbod^m^nt, ^ represented by 

, . r the formula:" . r . ' " 

3 0 1 - - ^n** F8^ufi w (Jf, ' the poiycationic polyirier is a pseuclbpeptide 

^' v r containing ; thfe mo$6m3 v '-i& Groiip X r is^ a hkeroktom sefected 

biU fronf the group consisting of-!NH-, -6-,' and -S-V The terminal' heterdatom group X 
~ ' Dh thfe^ side fchairi- of the monbmef forms amicie, ester, or thioester bonds for peptide 
or pblynftt formation instead" of the alpha-atriine groupmie alpha-axmne group in 

3 5 the monomer is useh as iflie i*6peating cationic group to form ion pairs with the 

anionic groups in theoligbnuclieblide. Preferably, group X is -NH-." 

Group Rj is a lower-alkyl spacer group which may be varied to 
provide the desired* number of carbon atoms in the skeleton df the repeating 

4 0 monomer. Group Rj is a substituted or unsubstituted branched or unbranched 
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loWer-alkyl bhaiii having* from 1 tb 4 tarton ? %i6tki an the" chain. Preferably, 
group Rj contains from r Tio 3 carbon atoiris'ln tfie'chain; - ~ ' * n ^ 

:s b(Jria&l to' the ^ 'terihinal v riitri^efi, oxygen* 6^ sulftif gfoujT in ttfe ^polycationic 
1 polymer ^of Formula (j) and are* cfoks-linldrfg ^agents coVaiefltly linking the 
^ ^olycationic jfelymer to ihe oligonucleotide*' Croup R£ will ^generally contain a 
' caibdnyl group for coupling R2 to group X Via ah'aniide; ester, or thibester bond, 
f or^xampfe; R2 may be an acyl group ^aving^ffom^l'tb about : li5 cajfbon atoms, 
preferably frorii 1 t6 h 'about id carffon ^ atbms, and-mofe pre^&ably : from 1 to about 6 
"carbon atoms. Groi^R^ will' general^ sulftiydryl 
group for &i$lii^' R3 to the c^ 6f the poiycatioruc polymer of 

Formula (I) V&iifr amiBfe, estef j br %ibeste^^ sulfhydryl 
"group* to -form" an" estfer or tKi8&ter bbbti wtlf 'ti\6 phosphate group ' oh the 
oligonucleotide.' ' J ' J l i — - 

Thfe crbss-linking 'agents which may txe Employed in th& present 
invention are those agents Which will covalentty link the polycatiohic polymer to the 
oligonucleotide without interfering with the ion-pairing of the polyfcatioriic polymer 
and the oligonucleotide. Groups R2 and R3 may be a single cross-linking agent 
such as glycihe or cysfcind;an§prefetaBly ^ Is Hyitelirife: Groups R2 and R3 ,may also 
be a combination of compounds to form a cross-linking agent such as "amiholink 
agents, succinate cross-linking agents, cysteine, and maleimide. Nonlimiting 
examples of aminolink agents ^ Iridlud^ l : ,6-h6xanolamine, and 2,3-dihydroxy-l- 
aminopropane. Aminolink agents contain a hydroxyl group at one end of a chain to 
form an ester bond with the phosphate group on the oligonucleotide and an amine 
group at the other end. of the chain. tQ forrn^n amide bpod with a carbonyl group. 
Nonliimting examples of succinate crpss^linking a^ent^iqcl^de those, agents derived 
from ethylene glycq&z$(sulfo ,.. , succinimidylsuccinaJe)^, (§ulfo-EGS) s and 
maleimidpbenMyl-sulf^ ester^ (sy|fp-MBS). 4 ..Cysteine may, also be 
coupled to the succinate _ cross-linking agent smd % .^en 4 ^fu^ther. coupled , to the 
polycationic polymer, via the. terminal. t arrune or carbonyl grpup. Jxi one 
embodiment, the combination of . cross-linking agents is, an ^inolink agent coupled 
to the oligonucleotide and further coupled to a succinate cross-iinking agent, the 
succinate cross-linking agent is in turn coupled to a, cysteine, which is in turn 
coupled by its carbbnyl group to group X in the polycationic polymer of 
Formula (I). , . 4 . 
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- : ; i • • a - ^ con 4 .??? ,bod ."?^ nt ?. the.polycationic polymers are. represented 
by the formula:,. ^ -.; {r - : ■; 3 .^;;- C ; • iV ,., v - . - r .• .iv:-. 

• - .r ?.->.- :rrht:: ..^R2- t iX?6ppXCH001 fi -T|? 3i r ;, , J :> (II.) 

' '.. " . . . . . . I , ' I ' , ' * , f 

t *. w " «ji r . . » t . t ».. ^ . > 1 i» -j , / ■ *.: . * i . - r*' J «*•*.« • * > — - • ■* 

v in Fomula (Ii), " the polycatiohic polymer is" a ' ftoypepticle or 

* pseudbpiq)tide containing' the mbnbriier -XI^(R7)COXCH(^-R5)Cp- which 

* comprises two different types of amino acids or pseudo amino acids. Groups X, 
R2, and R3 are defined as set out above." A first amixio acid of pseudoamino acid (- 
XCH(k4-R5)C6 : ) contains ai slcte chain (-R4-) having * a catibnic group (-R5), such 
as aiTaihihe grbup," imidazole group, or a guanidine group, which is used as the 
repeating cationic group to form ion pairs with the oligonucleotide. The alpha- 
amine group or group X in this first amino acid forms the amide, ester, or thioester 
bonds for jieptide or polymer formation. % second amino acid or pseudoamino acid 

* (-XR6(R7)CO) is 'coupled "to the first amino acid'and is used as a spacer group to 
provide the desired skeleton size of the repeating monomer unit. £7^ may be a 
fiinctionalized side chain for attaching additional groups to the polycationic polymer 
such' as cross-linldiig agents and chemotherapeutic agents. 

Group R4 is a lower-alkyl side chain group to which cationic 
''' group R5 is coupled. imgttt- of the side chain may be varied to provide the 
desired number of carbon atoms in the chain. Group R4 is a substituted or 
unsubstituted branched or unbranched lower-alkyl chain having from 1 to 5 carbon 
"atoms in the chain. Preferably f group R4 contains from 2 to 4 carbon atoms in the 
chain. :^ 

<3roup R5 is. a« cationic- -groupj attached to lower-alkyl side chain 
: group R4. :c The tjjpe of cationic group employed in R5 may be varied to optimize 
the-ion-pairing properties with the L particular oligonucleotide. Group R5 is selected 
from the group .consisting, of ;prirnary amines, secondary amines,-, tertiary amines, 
< quaternary amnjpmum salts, imidazoles, and. guanidine groups ^NHC{=NH)NH2)- 
Preferably, group R5 .is. selected from the group consisting of primary . amines, 
secondary amines, and guanidine groups (-NHC(==NH)NH2)- More preferably, 
group R5 is a guanidine group (-NHC(=NH)NH2:^-:1. 

Group Rg is a lower-alkyl spacer group which may be varied to 
provide the desired number^ of carbon atoms in the -skeleton of the repeating 
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mdnBiner. Group Rg is an alky^ atoms in the 

chain. Preferably, group contains 1 carbon atom in the chain; i i i;rt, : * rJ '< z 

'■'•^ Group R7 may" be "hydrogen ^ 'side c chain such as those found in 

5 alanine, leucine, isoleucine, valine, or phenylalanine; or a functionalized side 
chain. When group R5 contains two carbon atoms, group R7 may be attached to 
either carbon atom. Group R7 is selected from the group consisting of hydrogen, 
. . branched and unbranched lowerralkyl groups haying frojn 1 to 5 carbon atoms, 
. -CH2C5H5,. and -(CH2) z COR3. Preferably, the branched and unbranched lower- 
10 alkyl groups have from 1 to j* carbon atoms,, more preferably from i to 3 carbon 
atoms. The integer. z may range from 6 to 3fpreferably from 0 jtp 2. Group R3 is 

as defined above. When R7 contains a functionalized side chain such as an acyl 

: ' zi h "/ 3 r j- ; to .c -v-? c •' ; -v , ? -Mm?: ■ 

.(-CCH2) z CQR3),^additiopal r groups^ (R3 groups) may be attached to toe polycationic 
15 polymer such as cross-linking^ agents and chemo^erapeutic agents. Preferably,^: 
t group R7 is selepted from the group consisting of, hydrogen and branched and " 

unbranched lpwer-all^l groups having from 1 to 5 carbon atoms. More preferably, 
_g$oup K7 is selected from the group consisting of hydrpgen, and branched and 
unbranched lower-alkyl groups having from 1 to f 3 carbon atoms. Most preferably, 
20 group R7 is hydrogen. 

In a third embodiment, the polypatictnic polym by ir 

the formula: 



25 



30 



40 



T< '" ■ ->J-: ^^^^ 

R5-R4 R 7 .n;^: 



r 1 - In 1 Fonnula (III), the' "polycatf^ variation of the 

: polycationic polymer set- out above in r T6rmuia (lI). The polycationic polymer in 
Formula (EI) is a polypeptide* or pseudopepfid'e cohtaixtihg* tKfe monomer' -XCH(R4- 
R5)COXR6(R7)CO-, wherein the G-terminal : aHcl N-terfhinal positions of the two 
35 different" types of amino acids or pseudo 'amiho acids set out above irt Formula" (II) 
are reversed. GroupsT'X and R'2' througli R7 are defined^as set but above; " " * 

In a fourth erribodiment, the ■p61yc*atiomc , polymers 1 are; represented 
by the formula: 



R2 " [ C NH ( CH 2 ) b 3 c [ NH ( CH 2 ) d 1 e I f f NH ( CH 2 ) g 3 h~NHR2 ( IV) 
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:v.'Z : > a ; r H Fd^uIa : ^)F, tfie^ pblycatioriic polymery is a polyline cdntMiiing 
\ : the' monomer : '-NH(Cli2)b- 6F-the <: mMomef -NHfCH^dS of berths The Imoriomer 
5 : :rr ^hffi(CH2)^ permits the -jx>lyca^ Formula '(IV) : ta r c&A^SW odd 

number of monomers. Each group R2 may be the same or different ariid is ; defined 
as set out above. The secondary amine groups in the polyamines are an integral 
if% part of ther skeleton c bf the polycationic pdlymef and are Uisesd as the repeating 
* catioiiic group to "-"form iori pairs 'with the oligonucleotide. In .general, these 
10 oi polyamines are- derived by hydride reduction of the' amide : bonds in the 
■ 'corresponding j£61>peptides s to giVe polyamines of the spermidine- and - spermine 
/ j type. For example, the peptide- &?/a : al^ 
tr "alariine-carboXy amide reduction.- Different" Sequences of 
these amino acids orbther combinations bf amino acids ^ including cysteine, may be 
15 used to generate iany" desired pdiyamine.^- -Al tef natively, J commercially amiable 
polyamines may be suitably derivatized with the R2 groups. 

* J In k fifth embodiment, the polycationic polymers are represented by 

r : ;/ . r*~C fXCTHCO] ±^3 ^ f - n " {V) 

In Formula (V), the polycationic polymer is a peptide containing the 
vrtor^Qnqmer^ defined as set out 

: ;> ab^ove. Jn this iembpj^^rito thennjonpmej, rXCH(R4-R5)C<> : is preferably^ arginine 

.;.v.*;i;n r v, r 'Th.e;in-tegCTxa<njiay.OT preferably from 

■Tin. about: 3fto r abPut»8r 9 and I more, preferably , from about 4 to about 7. The integer b 
v., may jarigfe from about 2:to about 5,: preferably ftojn about 2 to about 4, and more 
35 preferably from : about 3 to;aboiit 4. The integer c may range from about 0 to about 
preferably, from: about * to.-about 3,j andy more preferably from about 2 to about 
3. ,; The. integer d, may range from aboQt 2 to about -5, preferably from about 2 to 
about 4,vand; more preferably from, about 3 to about 4 ; f The integer e may range 
;.; from about r Q Xo -about -3,; prefejeably from about 1 to about 3, and more preferably 
40 from aboyt 2 to^abjQur3. The integer f may; range from about 2 to about 9, 
preferably from about 2 to about 5, and more pre/erably from about 2 to about 3. 
The integer g may range from .about 2 to aboyt 5, preferably from about 2 to about 
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4, and more preferably from about 3 to about 4. The integer h may range from 
; abputQ^P.Ml)OU-t ^jpFgferabLy ^miahp^l^to abqu^ a^rm^re preferably from 
-abput^fto a&ntf 3;: ,T*h& integer- i may« : ^ge«£rpi^. abp*£;3,to : ^ 
, fr0m'v^outo3'^ 5 Jtq.„^bqut : 7q and, most 

-%*LUl nu zi^ ^nl/;: r;';x[ s^: : i. t";^.: v>;b::r_ \ f ; ,s ■•. > . 

, 4 ? * r ln^enerai^e ratio. of cal 

in thej j)^y^onic^ ; oUgppuclwtide - pair will. rM^.fron^ ^out 1:8 to about 1.5:1, 
preferaWy from.abouft 1:6 to about 1:2, and. more preferably frotn about 1:4 to 
^bout<U3, regpeptiyely. Bridged conjugates; a>ritaining^ excess of canons may 
have useful properties suc^, as enhanced, uptake of |he bridged -conjugate into cells 
tQT igtojthe nucleus o£ .cells jor may have jibonucleaseji^e. activity^erello, M., 
B^rbier; B*.-, aftd B^ck^;.,? "Hydrolysis pt ^igopboni|cleotides by fl/p/w?rhelical 
Basic Peptides"^ Int. J. Peptide Protein Res. 38^991^ pp n5 154- 160. ; c 

The term "branched lower-alkyl chain" means a lower-alkyl chain or 
skeleton^© which , is, ^attached branching lower-alkyl . groups having from about 1 to 
about 4 carbon atoms, preferably from about 1 to about 3 carbon atoms. The 
substituent groups attached to the lower-alkyl chain or branching lower-alkyl groups 
may be selected from the group consisting of Jiydroxyl, sulfhydryl, halogen, and 
lower-alkoxy groups having from 1 to 4|carbon atoms. The term halogen, as used 
herein, refers to the chemically rfelated elements consisting of fluorine, chlorine, v 
bromine, and iodine. 

- ^* r - t ••ThfebndgM ; ^n}ogafies of ffleT-^ser^^t«rt^^w6 Mgln specificity, 
because'the st^eric^of eac£'f^ttil^*^ to 
be complementary to a specific target. The bri^^ j? *i5h|B|a^^sc£^^e high * 
affinity hybridization because the ion-pairing properties of the polycationic polymer 
chain lowers the ibmtfTepiflsiorr between "the two ^&lyfihi6ri$S 'oligonucleotides, as 
demonstrated by "analogy with mgtHyl$ft6s]^ 

and J> G* ~ We&nur, - "Effect cof/; lonicr Strength" on)dthe ^Hybridization of 
OligbdeoxyriBcleotides With Reduced Charge Due Uo Methylphosphonate Linkages 
to Unmodified Oligodfedxynuclfcotides Containing- the- Complementary Sequence-, 
Biochemistry . 28 (1989) ^f)rr040n047,-and as shown by-R, Eritjaji A.: Pons, M. 
Escareller, -1 -E. Giralt; and F. Albfericio} * "Synthesis ^uf r: Defined Peptide- 
Oligonucleotide Hybrids < 'Containing a Nudtear'-' Trahspbrtc Signal - Sequence", 
Tetrahedron 47-(1991). pp. 4H3-4120. Because hybridization istrerigth (i.e., T m or ' 
melting terriperature) is dependent upon the Ifength "and - sequence of an 
oligonucleotide, shorter antisense chains of the strong affinity bridged conjugates of 
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- :0 the ..present invention; maynbe sufQcient^fpr ^hybridizing a; particular oligonucleotide 
• With, .a- ; t^et^udeie;acid^ c , rftger ±2h .v.::.- .:*••„ r:Y 

^ :^ ,':■/ ^ / T3ifi^bridged conjugal also have enh^ecl^stability .w -Wvo bepause 
; expnucle^ r digestion : ,is; minimized >yhen both the 3'- and ^-termini are blocked 
such as by linking ther,polyMtionip polymers of ; the ^resent 3: inyention to the 
oligonucleotides. Similarly, polypeptide degradation is minimized when both the 
ammo-terminus Md carboxy-terminus are btocked^by linkage.tq ithe oligonucleotide, 
^thereby limiting ^exopeptidase-digestion. - Endopeptidase digestion is also minimized 
.when pseudopeptide bonds^are employed in the pplypeptidte. - : ;c wiw 

The bridged conjugates have enhanced bioavailability because the 
/ability, of. the oligo^uclepticjes to .penetoje through cellular membranes is enhanced 
when the negative charges on ; the antisense DNA are ion-paired, by^analogy to 
T meAylpho^honate ^d ot^er non-ionic antisense oligonucleotides, P. S.; Miller, K. 
B. McParlan<J ? K. : jJayarapvan^and .P. p. P. TVo, rBipchemical and Biological 
Effects: of. Npnionic Nucleic Acid Methylphospho^ates", Biochemistry 20 (1981), 
pp. 1874-1880. Additional hydrophobic groups, such as r valine, phenylalanine, 
intercalators, and other groups may be coupled to, or incorporated in, the 
, polycation:poljymer,to OThanc^pejmeability. . . : - $ *+n'"i 

. ?r - ^ Alternative^ ^.excess s>( cations*, in the oligonuqleotide-conjugate 
t : can be.-* used/ to enhance ^eraieability^ < Enhanced -oligonucleotide uptake- occurs 
T j through, binding ©father positively.- charged paired-ion oligonucleotide ; to the 
negatively charged outer membrane of the cell followed by endocytosis,^P. L. 
Schell, "Uptake of Polynucleotides by Mammalian Cells XTV: Stimulation of the 
^Upt^ke ^fePolyjijudwtid^ j^jgolyfL-lysine". Biochim. Biophvs. Acta 340, (1974) 
c ppz 323^333). , A combination? of, hydroghpbic^and positively charged groups „may 
|>e< synergistic, with ^ re^d v to Ae; ability of -the antisense , substance .to reach the 
necessary c^mpartmente,/^ vfv^, such as the nuclei of cells, R. Eritja, A. Pons, M. 
Escarelier, E. Giralt, and F. Albericio, "Synthesis r of Defined Peptide- 
Oligonucleotide Hybrids Containing a Nuclear Transport Signal Sequence", 
Tetrahedron 42 (1 99 l),v PP- 41 13W120. : : _ • 

{ { * .* -.rr-'-'.T \.r :'T : 

The bridged conjugates have low toxicity, because the metabolic 
degradation products of polypeptide conjugates are amino acids and nucleotides. 
Concern has been expressed about the toxicity of phosphorothioate and other 
backbone-modified DNA-analogs, S. Agrawal, J. Goodchild, M. P. Civeira, A. H. 
Thornton, P. S. Sarin, and P. C. Zamecnik, "Oligodeoxynucleoside 
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Phb^hdraJmidates ahd'PfibsphdiSthidatev as^liibitor& r 6f Hunfah'IfnfnunlSde^ 
Virus", Proc. Natl. Acad. Sci. USA 85, (1988) ppl^OT^TOSBr^FGheHg; W. 
Gao, and F. Han, "Phosphorothioate Oligonucleotides as Potential Antiviral 
»-*©efr^ Herpes Viruses", 

5 t-is^tfci^i^g^ucj^de^ ifr (iWlV. -bvi te5^I6'& r: Dwffe^g : flie^fehcy 6f the 

,*rhc'zLc?>c -o s ^ lmdgM : ccm^ reasonable 

especially fek a high pcSehcy^roduct because? in -the -preferred sa^ itoge'bf 5-25 
10 nucleotide monomers^ j bH|bdeox^bontic^ pblyp^tidies^'are Routinely 

synthesized on automated instruments. 

o . . v J-y : ^^Fi^r^Hs a 1 scheme Ulu^trating^e synthesis of brid^ 

ltoiyfiler-<kigbi^ conjugates: 5 ' : Th^^ following ^abbreviation^' ar£ w used 

15 * tfiibughout this S^ificSation fcoYef&r to the bridged -conjugates: 7 refers to the 9-mer 
/. ; ^^rjji TGT ' d AT-3* ; // tefers tb th£ Q^rrref^S'-GAC TAG GTG-3' refers to 
:i ^^ly^gimne wherfcMft is ' sen integer denbting ^ tSe^humber bf arginincfis in ihe-polymer; 
-^Bhd (D-R) refers to D^argiitine. X1 - : 0 - r ?Lj/ r " ' : 

20 Figure 2 is a chromatogram tan-* a N^Heogen- DEAE 60*7 column. 

Figure 2 A shows the purification of R3I conjugate. Figure 2B shows the 

- .^rific^tiorf^of 7/3? 3/ bri&ge^ fcohju]gal^ 2<?!&b^s : a coinjection of five 
• - ebnlponerits: Cl^/?i/, £2) 9-merI; (3) iodoiee^atiSl -1^frl/*(4) l ffl^Rj^, and (5) 

- 77/f37; ; Chromatographic De^tiWwis at UV 

.0 I 1 \ ~Figiir£34^^^ 
- sUv^^aiiiinfe:^!^ 1 : : 95merI^ ; Larie r 2: 7^>, : Lane ^^y/f Lane 5: 

^ /JKj/, Lane 6: tm^tz^^v URjh hmz &ilfb 
30 -M 10: C18-mer (the^eqence is the combination bf 9^rridr Fa^^-mer if, S^TA^A TGT 
GAT GAC TAG GTG-3')'. ^ f ^ ' ^ ^ • ^ ; ' <■-' 
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Figure 4 illustrates mixing curvfes for formation of complexes. - (O) 
Mixing of 9-mer I plus 9-mer II with T24-mer. ( ♦ ) Mixing of IIR 3I with T24- 
3 5 mer. ~ Fraction X presents mole fraction of 1 T24Wfner. " c - * ; - 
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Figure 5 shows melting curves at 260 nm UV absoiption. 

- r. *' L* .r".T * " i~-iTc i 1b:\ ro v„.yr,t t.n \ r".,>'\T 

T24-mer, gap^S* > r - r " r- ^ :,^ 25 A- 34.0 
5 2. 7?j/plus9-mer n, 36.0 

r . : Kr3. 7/ bndged^n^ugsU^Q ; . : ^ . _ ~ - - _. : .51.0 , : : . c : 

:3nv. -x :. T2f-mer, gap=f3, 1; , • . - .. ^ : -7 . 

4. JZR57 bridged conjugate, 49-5 t/ „„. 
10 T24-mer, gap =3, 

. 7/7? j7 bridged conjugate,. 00 ; , _ _ 48.5 
T24-mer, gap =3, 

Figure 6 shows the effects of peptide and gap size on 7jtf. 

15 >=' - n " r ' ■ ^ - * 1 >* : : - x \ 7 

- 1 . : jgfcj/ bridged conjugate, > . * : - : (?Q ? • 1 ■ 
"a. -T18-m6ivgap=0, : ^ J ■' : jst-k46.5^ ..-^i: 

bridg&T conjugate,, 1 ^ ^ ^ 48.5 - 

. c* T24-mer, gap==3, ^ '^'x-.M .'..[■ > sar ; : o 
20 ; -j; i ^bridged conjugate^: $ - ^ ;/i 48:0 : . h - 

.- 5 T25-taer£gSp*=4; : :r ; -<..n " ;Ilr,--. ■; .L ^ < 

r^b;/ .bridged conjugate/' anl^rcrro \ ^ -\\: 46.5 ' i c 

r:;ov:2. ; A^^^^dgi^^f^ii^^ : ! . '> - 47:5 
25 .>q;,o.s -7* !.T18-mfc^gap«0v - — li ' Tr: J * 

-r^vr.: .;.rf,bridg^^njug4te;r:.i to 49.5 ^ 

-r;; ri ^bridged ^mjtigktS;'^* ?n };£;::. • M9.5r^ 

3 0 bridged conj ugate, 48.5 - 
T27-mer, gap =6, 

3:<^ 7//?>7*^g^-feoifi>U|ate^ ^ "^ci ■ ::49.0 

n - ^T18^ri^iap^0;- "'->";* ■ : : 

^ - , ; bridgBtE c^jtigate,- : ; 1 - r - ^ 51;ff 

35 ' T24^irfe^gap=3, * x — ' ' : ^ 

; bricfgWc^hju^te, : - - : ' ' c x 51.0 

- . - : ' T25-ifierrgap=4/ r -i 
rr • r bridged:Corgugate, : * 50.0 
• \ • .: T27-mer, gap=6, • • ^ :;I 
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Figure 7 shows the effects of salt concentration on T^j. Duplex of 
JIRjI and T18-mer (gap^d), or T24-mer (gap=3)i *br x T25-rte^ (gap"=4), or T27- 
mer (gap =6). L ftb L fei- ; 2. 0.1 M NaCI, 3. 1.0 M KaClM t ^ - - 

In another embodiment, the present invention is ; directed to paired- 
ion oligonucleotides comprising a polyanionic oligoiViiclet^ bonded to 
a polycationic polymer via a cross-linking agent, wherein 4he 'polycationic polymer 
is represented by the foi^mula: - w " cr -" i > - - 

,/:>: ,~-?<;;- 

R4 -R5 

.v- . ::z:h csr. ' ;l* vi; ~ V *A[ 

wherein Group X and integer i is defined as set out above; R2 is independently 
selected from the gr6up? consisting of hydrogep,. acyl-groups? ^rq^s-linking agents 
covalently linking the polycationic polymer to,*, the^ pligonudeotide, and 
chemotherapeutic agents; cHL^ is selected from the groi?p. consisting of -NRR', - 
OR", cross-linking agents covalently linking the polycationic?: polymer to the 
oligonucleotide, and chferootherapeutic agents; R4 is ( a suMtituted Qr unsubstituted o 
branched or unbranched lower-alkyl chain having froro.iqjt$h S^e^jbon^toms in the 
chain; R5 is selected from the group consisting o^pfijpajy f A8Une$, secondary 
amines, tertiary amines, quaternary ammonium salt^ ri^daa€>les,r3pd guanidine 
groups; R and R' may te the same or different ^d;^eriBdg«riden(ly seleeted:from 
the group consisting of hydrogen and branched and ui>braiK%e^i0>V0t-alkyl groups, i 
and R M is selected from the group consisting of br^nf^^jS^dbunbtailched lower- 
alkyl groups, each lower-alkyl group having from 1 ^o:ft,p^b>pnr.atp!irs; wherein at 
least one of R2 or R3. is a cross-linking agent; and; ii?ej :taji0^Q£;eations in the 
polycationic polymer to anions in the polyanionic oligonucleotide; jaflgefc from about 
8:10 to about 16:8, respectively. [ : ,); r^r ■ 

In a preferred embodiment of fte .p^^-jygn^oligpnucleotides^ the 
oligonucleotide is an antisense oligonucleotide; X is -NHrvs?2t-i5 .selected from the 
group consisting of cross-linking agents and chemotherapeytic, agents; R3 is selected 
from the group consisting of -NRR', cross-linking ager\ts^ and r chemotherapeutic 
agents; R4 has from 2 to 4 carbon atoms in the chain; R§ is ; selectetf I from the group 
consisting of primary amines and secondary amines;- the -cross-linking agent 
comprises an arninolink agent, a succinate cross-linking agent,. i cysteine, and 
maleimide; the chemotherapeutic agent is selected from the ^group. consisting of 
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, : ..4ntercalators,,..cell targeting, .agerits,. transmembrane delivery, agents, .natural and 
ti synttetic. i^^ and., the ratio of cations- in the 

polycatipniq pqiymer. to. anions.in.the^polyanionie pligonucleotidekrajiges from about 
9:10 to about 10:9, respectively. , - 

* ,* . r^Q^yQ ^QAer^embqdiment, the: present invention is directed to a 
pharmaceutical composition comprising, a pharmapeutically acceptable carrier and 
. the .paired-ion oligonucleotide set out above, , , „ r *, . ; .. . 

In still yet another embodiment, the present invention is directed to a 
method for preparing the paired-ion oligonucleotide comprising a polyanionic 
^.oligonucleotide covalently bonded to a ;; polycationic polymer via a cross-linking 
agent, which comprises the steps of: } " 

(1) providing the polyanionfc 1 oligonucleotide; 

(2) providing the polycationic polymer; * 

(3) coupling the polyanionic oligonucleotide to the polycationic polymer via 
the cross linking agent. < ' 

c * 

The present invention extends to methods for preparing the bridged 
r conjugates. The bridged conjugates may be. synthesized using standard techniques 
and apparatus known to those "skilled in the art. The ultimate bridged conjugates 
are readily prepared using methods generally known in the chemical and 
biochemical arts. 

Irt general, the polycationic peptides can be synthesized by standard 
peptide chemistry coupling reactions such as by N-Fmoc p^-(9-fluorenyl- 
(methoxycarbonyl] chemistry ,<pri -% peptidfrisynthesizer. In one embodiment, the 
amino acids may be coupled to a, PAL™ support by BOP [benzotriazolyl-N- 
oxytris(dimethylamino) phosphonium hexafluorophosphate] and HOBt (1- 
hydroxybenzotriazole). The side chain protecting groups may be removed by TFA 
^trifluoroacetic'acidy aVtiie time wh^n thepeptide is cleaved "from the solid, support. 
: The peptide "p^xfA'i^ylk^v^eA by reverse-phase HPLC arid the identity of the 

- product may be cfchfirmfed by amino acid analysis, "peptide sequencing, arid mass 

- spectrometry. ' - ' ' '* ' - ' . - ■ - 

" - !A sertse 'or Mti^nse oligonucleotide having a primary amine group 
coupled 'through 1 ' its' : 5*- or 3 r -tenfiini/ of through an internal position, may be 
synthesized 6n L an automated DNA synthesizer using rommercially available 

- reagents. - After HPLC purification and removal of the protecting groups, the 
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oligonucleotide ifiay ; be cbupl^^o 
v : agent such as a succinimid£-nf^^ 

^ ^%fid SHgbhtffcl^ may ^ei^^j&Jec^ 1 arid jtonfied i by IDPIJC or on 

an anion-exchange column. 
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- t-: v i x "i a 'speci!^ directed at a method for 

r : * pr^aring bridged pfoiycaftbnic pTolymer^ligo conjugates ^corriprising a 

polycationic polymer covalently "bdrtti&F "at r eacft end * to" a *' polySftionic 
oligonucleotide via a cross-linking agent, wherein the polycationic polymer may be 
10 * represented by the foiroulaP ~ rJ ' j!J0 13 " ^ " • : ' " ' 



15 -NHo . . r , - • . 

or the formula: v :v \ : j :/ r v 

20 || 

R 7 R4-R5 

m j or the. formula: . - * ::ov,^ * v:/ 

25 1 f ' ■ R 2 -[XCHCa^R 6 Ctf]a*R3 c ? (III) 



or the formula: 



R 2 -[[NH(CH 2 ) b ] c [NH(CH 2 )d]e]f [NH (CH 2 ) g ] h -NHR 2 (IV) 
or the formula: _ _ " TI -;:.-».,^ :.r«^ 

40 wherein X is selected from the group consisting^pf -NH-,. .-Or,, and rSrj, Ri. is a 
substituted or. unsubstituted branched or unbranched ^lp>yQr-aJlkyl chain having from 
1 tb 4 carbon atoms, in the chain; R2:..and R3 are cro^-li(>iang agents covalently 
linking me polycationic polymer to the oligonucleotide; R4 is a . substituted or 
unsubstituted branched or unbranched lower-alkyl chain having from 1 to 5 carbon 

45 atoms in the chain; R5 is selected from the group, consisting pf primary amines, 
'secondary amines, tertiary amines, quaternary ammonium, salts, ^imidazoles, and 
guanidine groups; Rg is an alkyl chain having from 1 tq 2 carbon, atoms; R7 is 
selected "from the group consisting of "hydrogen, r branched and unbranched lower- 
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^ atoms, rPH^CgH^ and -(CH2> 2 COR3, 

v/herem^;4§ : an ^teger^^gmg^^m 0 to 3 and R3 is .$s ; defined above;- 21 is an 
integer r rangmgrfro^ a^otjtj 1^2; b : is aivinteger rangmg.from^^wt^ to 

. about 5; v c is r M mteg^yangi^^ to : about3; d is ^ integer ;rai)ging 

-from abput 2 to about ; 5; , e^^^^ about,3; f is an 

.integerAianging: from about .2 to^abput 9 ^g is an integer ;i?nging from^bout 2 to 
about 5; h is an. integer- r^gingrfrorn ; about -0 to-about 3$- h is, an integer ranging 
, from abcjut 3 to iabout^ 12; and the ratip pf cations; in. the pdycationic polymer to 
anions in the polyanionic ^ oligonucleotide pair ranges from about>l:8 to about 1.5:1, 
respectively; 

- which -c^mprises^the^ JiM , 0 rrrv~-^ -;.r 

i rJC 1 ) providing ^polyanionic oligonucleotides; :r} ; jr * r ; v r v v 

(2) ?prpyiding the poLyc^tipnic polymer;, a ^x ;:^? ^" v j .-- v 

(3) coupling the polyanionic oligonucleotides to the polycationic polymer via 
the cross linking .agents. , „ , ~; . * . ~o.-~. 

, « .lif. * '^i^l^'d « J '1 ^ -4i /'^ 'CO i *'• *' i 

; . - r v The bridged ^conjugates may be prepared using P stan4ard techniques 
^and (equipment known to those, skilled, in the. art. - The apparatus useful in 

accordance with the ^present ^inyendon comprises apparatus well known in the 
^ chenMc^ md bioche^m of^the specific, apparatus 

apparent tp *e^W»oq:;:ou ^r±-~c IJr* <v/.<f 

n ' - ^ jmaj^ - Jbe £0 used 

together with pharmaceutical^ acceptable carriers to provide pharmaceutical 
, composifo^ man in amounts 

effredve t 4p (; p^vid^ ^ }/smety r ,pl .-.tterapeutjc^-utivky. Suitable earners, include 
e Propylene- gly^ wat^r.fQr injection, (l^SP), 

^einulphojT^^^ r cr^pphqr^EL™ other suitable .carriers v known to 

thpse: t skiU^in^the^ ?: jpth suitable ^carriers include isotonic fwater, sterile, water 
for. injection (USP)j alone o^ in cpmbinatiorr with. pther« solubilizing agents such as 
ethanol, propylene glycol ,nor other conventional solubilizing agents known to those 
skilled inAe art. T ; i r-;,; ^ -> ; * - , . r 

Of course, the type of carrier will vary depending upon the mode 
of administration .desired for the pharmaceutical composition as is conventional in 
the atf. . A Tf prefe*red carrier H is an. isptonic . aqueous solution of the inventive 
compojind. L * j:.-\<** ■ ....v:." 1 * - ' S • . 



WO 9SM8s6 



-^-21- 



PCT/US94/09402 



f ' -^ The-cbmp6undS "bf the pre^ to 

rs ? m^mals, e.g./ aniitiali r or humans; in : £fobufi{F&f^^ r profvide^the- desired 
aJ - therapeutic" cff&dtr" Sincef 'the s ^ the 
therapeutic eff^t Vary; the' ddsafgfe : itev£I ^bf : lhe ? x6riipbund employed will 
5 ;: * : &^-vi^" r * °The actual dcfe^e r adminKtfer^d 

oi - gfeherally recognized "factors as the b&iy^ weight of the c pMentSahd the' individual 
S -SHyperserisitiveness^ of the : particuiar patidn£~ ; Thu& tfie^umt doSage for a particular 
ot T patient (huimh)-can be d as-low &s'abbu^0^ irng a 100 kg 

« j persoiif which' the j priactitib : - - ■ 

10 'V-'-. 

The compounds of the present ihventiort c^tn* b6 administered 
parenterally, in the form of sterile sbluti<fo^ such as intravenously, 

intramuscularly or subcutaneously mihe Hamers "previously d6scrib"fed^ 

15 For parental therapeutic administratioh^ T tKe^compounds of the 

present invention may be incorporated into a sterile solution or suspension. These 
r - ^preparations isfioiifd : contain at least -about* 'OM^* : bf thte r invehtive compound, by 
' weight;" but' ttus amount may bb varied to* between about 0% and about 50% of 
5 the inventive compound, by weight of tfie parental ^ composifion. The exact amount 
20 ' of the- inventive compound 7 present in such xbmjtositibns is such that a suitable 
dosage level will be obtained. Preferred compositions and ^6pafatfons according 
to the present invention are prepared so that a paranteral dosage unit contains from 

>- -between about 0.1 milligrams to abbut e lCK) ^ninfigi^y^tKe^inventive compound: 

'soft ^ r v:.rr:q { • -ztrrc* e 1 '"-.;/:',?; vfl^z-iis/riV^.Tiii?;.'. -rfw ' 

25 rr;: ' ! * The ste^esbluticmsw ^ 

- • adjuvant a sterile diluent/ such ~a^ 
r -^yethyleile glycol? ^glycerine/ 
antibacterial Agents, strdh as benzyl alctohoPor^methyl p^B'en : ; r affio as 
' - ascorbic dcid : of :? sodiiim metabisurfitbj 7 '--cttdating 5nr afgents^ vu sitcK ■ as 
30 v > ; ethylen^iamihetetraaceti'c acid (EDTA); buffers' 1 , 0 sufclr as i- : &c&tates, "citrates or 
^phosphates; and agents for the adjustrnerit-6f ? tonicity, such %s~s63ium bHlonde or 
dextrose. The parental preparations may be enclosed in axftpulesy disposable 
syringes, or multiple dose vials made of glass or plastic. 

35 1 ^ It is especially advantageous ' to ^forniulate 1 ' tlie 'phaimaceuti^ 

compositions in dosage unit forms for e^e of administration and uniformity of 
dosage. The term dosage unit forms as used herein refers to physically discrete 
units suitable for use as a unitary dosage, each unit containing a predetermined 
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^^quant|}y'Pf < .^ti^..ingTSdient calculated to. produce .the des^j^ therapeqtic : pffect in 
r ^spciatiog.^ . 0 r ...,.,^ J . . : ... 

. , A The preseptinyejitipn is fu^ 
whic£ are not intended to Umit the effeptiye, spopgof^e claims* ^Jj parts and 
percentages in the .examples . ^d; throughout . ^ ajid claims, ace by 

weight of the final composition ynless pthenyise specified.^ — ^ v - - 

Examples 

. . k '.X: ' ^ r ;rr:^e"f "v/ '■ :«.: * i*'f*f 

! :? * ^ } < Materials and Methods,., , 

Trifluoroacetic acid..(TFA) and 5 ! -amino-modifier-C6-TFA were 
,from Applied Biosystejijs (Foster- city, CA).. todqacetic aeid, .tributylphosphine 
B113P), anisole, ethanedithiol^ and lithium . chlorjde were obtained ,from ( AJUlnch 
.Chemical Co. i (Milwa^keey-^i).; f . r . Fmoc~L~Cys(Sffiu)^OH„ *W&s from.Bachem 
California (Tprrance,. CA). Acetic Acid, SQdium chloride, sodiuiyj hydroxide, 
,sodium acetate, and sodium tac^^nate^were frpm EM Science, (Gibbstariyn, NJ). 

. ISS oligo. staining system was r frpm Integrated Separation Systems.. (Natick, MA), 
Acetonitrile and methylene chloride from J. T. Baker, triethylamine. ethyl ^ther 
were purchased from Fisher Scientific (Springfield, NJ). S'-amino-modifier C7 
CPG was from Ql^n^es^ch- (Soling, V£) f . -Fmoc-L-Cys(Trt)-OH/BOP+HOBt, 
and Fmoc-Arg^mc)-OH/B6p+HOBt cartridges (0.5 mmole), PAL™ support (0.1 

. mmole),, HOBt apd BOPreagfcnt vveje^frpm Miljigen/Biosearch (Milford, MA). N- 
hydrpxysuccm^ acid, . and dimethyl sulfoxide were 

.^.from Pierce- ^he^iip^ ^^ ^ v - 5,5;7dithiobi^ (2-nitrot>enzoic, acid) 

^ (P^ (EX)T&) w^re jfrprri Sigma Chemical 

r Qo.. . rv (St.,: I^i4s, ^ propanesulfonic acid (MOPS) and 

glycerol were fip^ ;TJ,nited .States. biochemical Corp. (Cleveland, (C>H). . 

r :_ v rr Ihrej?a^atlQn ^of -H T Cys(St6u)^(Arg) Iir CysrNH2 

...^ ....... v , «,Th^ peptide^,, haying a fre£ airiijno-terminu^but an amidated caiboxy- 

. terminus, . ^ere . synthesized .. . in : ^ .9400 r Excell peptide Synthesizer 
(Milligen/Biosearch, Burlington, MA) using the Fmoc chemistry on a 0.1 mmole 
.scale. Prepacked, amino .apid cartridges were used directly, except Fmoc-L- 
Cys(StBu)-OH (215.8 ^mg, 0.5 mmole), which was packed with BOP , reagent 
(221.3 mg, 0.5 mmole) and HOBt (67.5 mg, 0.5 mmole) before use. After the 
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: s^&&^ 5 ml 6f TFA/knis^ 

v/v), precipitated from ethyl ether, 1 iffdTpt^^ a 
Vydac (Separation group, Hesperia, CA) 218TP1022, 10 mm, C-18 column (2.2 x 
* 25 cm) using a grac&erit of ^ at a flow rate of 

4 J Wl/ttdh. ' ^ ^as vefified by l&f'atom 
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liomb^me^ J Eltrnan assay witfr E>TNB (i : 8) showed 

0.9 mole free thiol group peir mole peptide,* baised on peptide weight." ^ 

Preparation of Oligonucleotides 

The oligonucleotides were synthesized by phosphoramidite 
methodology using a Model 380B DNA ; Synthesizer (Applied Biosystem, Foster 
City, CA) on a 1 mmole scale. The 9-mers were coupled to amino linkers at either 
" ' the 5' of 3' terminus bri 1 the synthesizer. TKfe y-mfcr'with a S'-amino linker (9-mer 
15 1) Wa£ purified t>y ihion-exchangfe ^hronratogfephy^bii 1 ^ Nufeleogerf DEAE 60^7 c '~ 
COlufhn (4 * r i25 mrti) '(Neit : Grdup : , S6iithb#ou|h, SlA) (19)/ The product wl& 
desalted by reVerse-phase HlPLC ort a Hamilton' PRP-l; 10 mm, C-18 column (4.1 
: * x 150 nitn) (VWR Scientific, Pfecataway, NJ) Using a gradient of acbtoflitrile 'with 
" aqueous 0.1NT triethylaHimoniuril kcetatfi/ pH /.0 at a floW fate of 1 ml/min. 
20 ' ' f rityi-on and Trityl-off twfcltep* purificktidHs (20) 1 oxi tfie PRP- 1 column were done 

w for all other oligonucleotides using a similar Sc^toniirile gradient. ^ 1 

TO l>: \ r::;n:;b2 r;:ori is-£a r^. ^ 

;:0>r ^ ' Syntt^is%l6tfd^^ ^ 



25 " ; - ' A * " : r: Id&Mktit^zciS 1 ^ syrithfesize 
^-[(iodo^t^ (2i)i t: -$ii : g^ in 

• 100 ml of 0.1M N^CO^ahd 2 m^f n4($^ in 
■ r *° 100 mf of d?rftWthyl sulifoXfde' Were -rffiX^f ^WctSd' irt^th¥ ^d^k'W^oom 
: temperature for 2~h6urs. q The iddbktetylateci ^-mer-T ' <vas 51 jfrfffirlfieid^^by" ""kfiion- 
30 exchange chrbmafogiaphy oh a Niicl^geri DEAE ^^ 'ciilfifffii: * Mbtfile" phaie A 
was 60% 20 mM sodium acetate (pH 7.0), 40% acetonitrile. Mobile phase B was 
mobile phase A containing 6.71& 'i&cfc The fl6'W 'fiiti^S' 1 ml/min. The gradient 
was 100% A for 5 minutes, 100% A to 88% A for 20 minutes, 88% A to 50% A in 
1 minute. The elueW at 35 "minutes' *was^ r ^ilect^; : poF S'nSer vacuum for 20 
35 minutes to eVkporate acetonitrile and was then ready for conjugation to th'e peptide. 

Ibdoacetyl^teid 9-mer II wks prepared in a siniilar imannef, except 
that NaHCC>3 was added to if final concentration of 0.1M after acetonitrile was 
removed under vacuum. - ^ * " ' 
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The iodoacetylated 9-mer I in eluent buffer, w^^lpw^ 
1 mg of H-Cys(StBu)-(Arg) n -Cys-NH2 (25 eq) dissolved in 50 ml of water under 
nitrogen in the^ark atjroom.te^^ reaction mixture was 

purified on a Nucleogen DEAE 60-7 column (Figure 2, A). The chromatogram 
showed a new -major peak r (9 r mer I-pepticie conjugate, Table 1), as well as small 
-peaks at 29 minute^ (unreached 4^ep£) : and 30 minutes, (u^ireacted iodoacetylated 
^£ : merj). )The^iweac^ pep^ 1.5-. minutes, as 

detected by UV absorjgion and PTNB reagent. The new major peak was, collected, 
r reduced in^olume-to to the r 9-mer 

II. In another preparation, the 9-ine^ 1 -peptide was., .adso » : desal£d on the PRP-1 
column. The peak,at 31 ,minutes ^ was^collec^ and juried, givip^a 6Q% yield (3 
units, A260). r ... • ^ - ■ 

Synthesis of OligonuGleotide-^ept^ide-oligonucleotide Conjugates 

, , ,Thp 9-mer I-psp[tide . conjugate .,(3 units,, A260) in 200 ml of 
concentrated eluent buffer was adjusted Jo pH 8.3 ,(0.1 M NaUCO^), was stirred 
yigoropsly with, 10 ml pf Bu3P v (1300 eq) ,(22)„ ,jjx J20Q. nil. of. methylene chloride 
under nitrogen atxoom temperature fqr 4 rjhours, to cleave the tt-butylthiol protecting 
group on cysteine. The iodoacetylated 9-mer n (3 units, A260, 1 eq) in 800 ml of 
eluent buffer and 0.1M NaHCC>3 was added, and the reaction mixture was stirred 
under nitrogen in the dark at jppxti ^eniperature overnight. The aqueous layer was 
then separated and washed with 0.5 ml of methylene chloride four times. The 
aqueous, phas^^w^s xesolye^ itty^ ion^exchange Ghroijiatography, as above (Figure 2. 
™,B). AThe^pep^e-9meF ; I ppk }! . 9rmer II peak (29;n?inutes) and iodoacetylated 9-mer 
-H peak (30 J minutes) :were all.small. :f A r ne^v later peak was collected, dried; and 
- ^esalted on the PRPrl column. . The peak at minutes. was : dried, giving a 50% 
.yield (3 units ^A26&). , The bridged conjugate IR^IJ was made similarly as above. 

.. . . ^ v ;. : . f Control Experiments _ 

The bridged conjugate IR 31 was synthesized for comparison using the . 
same method as above. The disulfide-linked dimer IR3R3I was made similarly, but 
with the following modifications. After removing the r-butylthiol group from 
cysteine, the aqueous phase was washed with methylene chloride, and stirred 
overnight. The purification step was the same as that for bridged conjugates. A 
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peak at 32 minutes was observed on the Nucleogen DEAE 60-7 column. When 
peptide-9-mef¥ conjugate; was stirred with a 

second iodoacetylated 9-mer overnight, no reaction happened, as observed by ion- 

iV - -.^ • .- -r. . . ..i ^A.^w : s a. \> r ~ 

, «,-: f The^ conjugates was analyzed V>n : a r nativie 20% polyaciylamidfe gel. 

TKe running buffer Wias #0 mM'MbPS-and c 'f(PniKf ^ ; s6diurri acetate ? j^pH T 7.0, 

^adjusted with sodium hydroxide). The isiamples Were suspended in 20 ml of loading 
buffer (30% glycerol), heated to $0°C for 2 mihutes; £hilled on Ice arid r loaded* onto 

* the gel. r Other ianesSvere loaded with L 2d nil of L 30% glycerol, 0v05% xylene, and 
0:05% brombphehol bltie t6 indicate hinfting distance; * The bands Were visualized 
by' silver Staining? with ISS oligo staining sySfeifl r fei't.' Thepicture was taken with 
Polaroid film (Figure 3). - :: ' 

1 1 ' - ,: Ahrifa) Acre? 'Analysis 

1 The samples Were hydrolyzed With 5 fii of 6N HC1 in hermetically 
'sealed micfoca^illary tubes ari50°C for90 minbtes (23)/ Amino acid analysis was 
based on reverse phase separation on a ChroMo f ga Boiid MC-18, 3 mm column 
'(4.6x100 mm), followed by o-phflikldi&deh^ derivatiiation 
u, (24) r? f: - * - ■' ^ ' JiT ^^~C : '— (: ~ r > 1 ..•/*-. 

• 3,;.! = '''Mixing c CUi^vte J{; ^ ^y-:;.- :_ a v 

„v -r. : stctok : solutions of 3 mM'9-me?!^ 

r were prepared in :: 10 'mM sbBium phbsphateH^^ ^DTA. 
The mixing curves^of duplex^ fornitatioii^ were* mea ? s*urS3 similarly as described (25). 
The 9-mer I plus*9-mer II, ilRjl stock solutions was added separately to the T24- 
mer solution to construct the* duplex 'fdrfnation; - After each addition, the" cuvettes 
were equilibrated at 15°C for 20 minutes, and then the absorption readings at 260 
nm were recorded. In another set of data, the T24-mer solution was added to the 9- 
mer I plus 9-mer II, IIRjI stock solutions. 
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; A Melting T^emperature^Studi^ 



The melting studies were done on a computer-interfaced Perkuv- 
Hmer sp^^ L Golemafl r 575 260 nm UV absorption. 

The samples, were*3in^Nl of each_pligomer in r 1 mUof buffer ^mpos©d ;pf^lO:mM 
sodium- Rhosphate (pH ; 7.0) * 0. IM NaGl^ and 0. l\ jnM EETTA.- -lAfter-the samples 
were annealed by cooling from 90°C to 5°C at 0.5°C7miny the Tm curves were 
measured at 260 nm using a temperature gradient from 5°C to 90°C at 0.5°C/min. 



Table 1 



Names of compounds and their retention. tunes 



Compounds 



Name 



RT*(m»n) RT»*(min) 



Oligonucleotides ' - > ■ 
5'-TAA TGT GAT -3' with 5' amino linker 
5'-GAC TAG GTG-3' «ith 3' amino linker 
acetyl at ed 9-mer I, 9-roer II 



9-mer I 
9-mer II 



J 29 
29 
30 



21 
21 

25-26 



Single Linkage Conjugates 
Cys-(L-Arg)3-Cys-9-mer I 



Cys-CL-Arg)5-Cys-9-roer 

r A - , ~. * 



I 



Cys-(L-Arg)7-Cys- 9-mer I 



R 3 I 
R7L 



23 
21 



Bridged Conjugates * fJ ;t - ?. lf * / • 

9-mef MI^C^(L-Ar3i3-Cys-9^Ser * - ; - 

■ 9-rae'r -IT- CVs :: (L-Arg) 5 - CVs-9-mer 1 I : * $ ~ - 
*-9^^£lIt-vy3^ '* : - 

$~U&f ^II-Cys*L-AVs-6-Af&-i-A^ *i- 
9'Bser : 1 1-Cys-{V-Arg-tt-Arg>2-L-Arg-Cys^ 
9-mer I -^Cys - ( L - Aro/>3 ^Cys -V- mer" 1 1 " ; - 



IIR3I ' 

f, - i nR>j' : : 
JR311 



9-mer I-Cys-a-Ar>)3-Cys-Cys-tl-Arg)3-cys-9-mer IIR3R3I 



35 
33 
32 
-35 
33 
35 
32 



31 



25-26 



* Retention time on a Nucleogen deae 60-7 column. Buffer A: 20 
mNl sodium acetate (pH 7.0), 40% acetonitrile. Buffer B: buffer A plus 0.7 M 
IaCL G^diantM 66% A for 5 minutes, 100% A to 60%'a in 40 minutes. How 
rate: 1 mVmiri. , . 

, ^Retention 'time on a Hamilton PRP-1 column. Buffer A: 95% 0.1 
M triethylammonium acetate (pH 8.0), 5 % ~ acetonitrile. Buffer B: 5% 0.1 M 
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triethylammonium acetate (pH * 8:0), - : a<i&*tfHtrile. Gradient: 100% A for 5 
minutes, 100% A to 80% A for 40 minutes. Flow rate: 1 ml/min. 

c Lrqic.«.d.s r i-T^e 2. -OUgonucleM 

-• Tlie^^ght fegi6As^ The gap : 

J'iiSiie --metoS^e^*^ sites on 

^voUgonucleoficfe targets. : ! • ? ^ ^ Tr '^' 1 a * c - L " 

..: ' p ; . *■ * ... " r. ■* . :v .>/>7 r\" u: " < ■ *; 

Table 2 



Sequences (5'-*3') 


Name 


Gap Size 


ATC ACA TTA CAC CAT GTC 


T18-mer 


0 


; ATC ACA TTA^CTA CAC CAT GTC-GTA 


T24-mer ! 




ATC ACA TTA CTTA CAC CAT GTC GTA 


T25-mey 




ATC ACA TTA CTT TTA CAC. CAT GTC GTA 


.T27-mer 


6 . 



r >- Results ~ 7 

Synthesis of Bridged Conjugates i 

In the synthesis scheme, two cysteines with two different protecting 
groups, trityl _(cleayable . by .TEA), and i:dbutyl thiol — (cleavable~_by .Bu3E) 7 - were 
utilized to control the selective attachment of oligonucleotides tqlhe peptide (Figure 
1). Each peptide was deprotected in TFA/anisol^tba^editluplj {95$4<:l) rr id the 
absence of 1% ethanedithiol scavenger, the de^r^.produ^t^fiarwipt 3 .l?e -obtained. 
Titration of the collected product with DTNB reag^. t {glh^.ass3y->tshowe<J no 
free thiol group in the product, which indicated the .mo^fipatipp of . t^Q jthiol g^oup 
upon deprotection of- the trityl group. The synthesis .af,pept|de-9-:mer I conjugate 
was performed at neutral pH solution in order to prevent the J^qss of the t-butylthiol 
protecting group. However, . basic condition i (0. : lM,.NaHCp3) was found to be 
necessary for high yieSds^tif-'bridged conjugates. ' ^ :~ ~-* M ; ca " r ™ r 

' A All conjugation reactions were performed iii salt (MCI) splution. 

Because peptide-9-mer I conjugate has low solubility in water Sue to strong 
interaction of arginine side chains and phosphate groups. In salt* solution, such 
interaction is weakened, making the conjugate readily dissolved. r The bridged 
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conjugate pan^r^Uy ( ,dipsolye4.in .water because of a large excess x>£phQsphate 

groups comp^^^ginw^, >t _ h . j - v.; v - c \ ; ;v - 

, ; ~> . f 5 , A ^quenfial one-pot, method was applied, to. the synthesis of bridged 
Qoqjugates. n The, peptide in. Unconjugate was reduced ,fir^. . Subs^u the 
^alkylating agent, was add^ :to ^e. reaption bath in jhe,.presence of .excess reducing 

( agent (26, 27). It was found to Jbe necessary to allpw the initial, reduction step to go 
to. completion,, since Jodpjacetic ^aqid and their amides re^ct, with BU3P to form a 
quarternary phosphifiium salt,,vvhic5i is.muph less reactive than BU3P. ir 

. c r.T. The.reducing reagent B113P has, the advantages over the widely used 
, DTT in t this application. , first, Dl^T .must be removed r after reduction of the 
r <ii$lilfide bond, ^which.r^uires^an,additionai separation step. . Second, a substantial 
.mount ofj -^^tilj^derl^pl^ed^diiTiQr side ..jpr^oduct* 9-mer I-j>eptide-p§ptideT9-mer I 
was found I to be fonn^'in |h t e,pJT procedure. The presence of.Bu3P during this 
conjugation prevented the,uj0desirable ; dimer formation, thereby increasing the yield 
of the final product. ; A large excess of Bu3P, was. used, since, it-is rjeadily oxidized 
by air. Due, to t{ie limited aqueous solubility of BU3P, a two-phase reaction was 
chosen, and the organic phase containing most of the BU3P was removed after the 
reaction was completed. ^ . ><. .* . . ' - 



r , , ^ ^Chromatographic Purifications 

; , - -.- ;it T v??^ 9$- conjugates w was successfully achieved by anion- 

,e&ph^g£ r <^mpg&phy,, l 9D t .,a ? ..^clepgen. DEAE 60-7 cqlumn (Figure 1). The - 
^ep^tioos ^are „t>3^ ;;0 qn.-.^ intei^qtiQp, ofl. the negative charges on short 
oligonucleotides with the positive charges on column packing. .The fractionation of 
the mixture components is governed by the difference in their net charges. Organic 
^plygnt in the eluepyt (40^ , ^tpnitrile) rriinimized nonionic interactions between the 
pUgpn^cl^oftdes. ^and papking materials.. Figure 2 .shows purification chromatogram 
of JJR3I conjugate. ^ The retention time^of the.9-.mei; with an> amino- linker was 29 
minutes. Ajter.iodoajretylation, the ; new molecule eluted 1 minute later, at 30 
minutp^ This wasj>ossibly due to the larger size of the. molecule or the elimination 
of one. positive charge, on .th?, primary .amino group by amide bond formation. 
After conjugation, to. the .peptide containing three arginine residues, which had 4 - 
positive, charges^ the R$J (with an overall charge of ^5) eluted much earlier, : at 25 
minutes (figure 2. A). .The JIR3L bridged conjugate, comprised of two 9-mers and 
one pqtfide (with an overall charge of -14), eluted at 35, minutes (Figure 2. B). 
The IR^Rjl disulfide-linked dimer, comprised of two 9-mers and two peptides : (with 
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an bve^T charge : of -10) bluted" at 32 , J minut^^ the 
conjugates are proportional to their negative chargeT^igurt^ 'tC), 1 ^ : " ' : 

r.o ; ^ of all the ^mpciutid^ afe included in Table 1. 

1 l^e ^single linkage conjugates R$I, R§1> airid Rjl eiutetf'at J 25''thinutesff "23 niifiutes, ~ 

^d^l'm^ UR3f\lJ0ZRJ3l), IIR^I 

c Xfffo-R)jjii,- and ilRyl eliited at 35 ^minutes * ' 33 mftut&, ' and ' 32' : minutes, 
' respectively, Tfie relative elutibn *fimes are'tohsistent ^vith i: the dvera^ ( charge of 

each compound: AH the^products are well iesolSted from the ireactants; 4 r " &L L 
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: ^ ; The conjugates were desalted x>ri Ifamilton PRP-l column using 

: TEAA buffer system. "Certain separation^ caPsfrso &e l achieved <$h this reverse- 
Zi: phase column: But pun& f£oitrfeactit& Wiiktures 

cannbr be performed by 7 feversfe^phase chrom premutation 
15 v: of the conjugates in the icolumri in the prfesefrdeiDf "positive Change peptides. In ~ " L 
ariibn-exchffige column; tliis problefti is ^ sol ve*T &y peptide r eltition ''with solvent 
front. The bridged conjugates' have almost same Tetfentiori times as acaylated 9- 
* r> mers/ therefore ciannot be purified on reverse-phase colUinn, either. 

20 Gel Electrophoresis 

Gel eledtrdphofesisf metHdd'iift^f^ Reparation of macromolecules 
according to characteristic features such as electric charge, size, shape, and 
_" L *- secondary' structure: These parameters caft" affect ei&ttbphbreSc properties either 
25 3 - separately or jbmtl£/ Potyactykmideg^^ 

r ' conjugates ibid clieck-lheir pfurity (Figui£'3jf Ekch n 8onju|ate gEve^hly^one band 
^ on the gel, cohfirmii^theif putty. - ^~ : * J m < : ^^-'^S - 

- r °" 7 ^ :r • r * The 1 electronic charge of macrombtecu&s "coild^b^ cH^g^^by the 
30 * : pH of the medium, Sere, neutral pH wasclk&seri to Maintain rthe cfi&|^$ 6k the J " 
oligonucleotides : abd the peptides. The ' pept5de-9-mer' I conjugate "migratea much 
more slowly 1 than $-mer I, Sue to tKe influence 'of ' tftfe pbsiti&^char ges on the 
^ peptide. The positions of peptide-9-mer r conjugatfer Were "''dfepehdetrt on their 
charges. ' R3I had tw<rless positive charges than ! R^1 and" fburiess r thaii* ^77, and 
35 migrated faster thajv^j/- and Rjl. Rjl Kacl only one net negative charges, and * 
barely moved in the gel," and stayed at the top df the gel. "Thtlmdged cbnjiigates 
ran fast than peptide-9-mer I, and had the same order of elBctrophoretic mobility as 
single linkage conjugates. Although the bridged conjugate has a larger size, the 
< additional negative charges have a greater influence on migration. ///?j/*arid 1I(D- 
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^^ s Rj^jm^j^M(EhR)jfl are^jthe s^e, rations Y Compared with C,18-mer, the 
~> abridged, conjugates T had. slower; mobility .bepause ; of the positive charges, froni the 

I^ptides^ 

due to mpl^ul^ T ^ize, conaderadpas ^rati^^^n^.^^^ udejisity; .(data not 
5 . . . shown).. In qonclusiqn$ theielectrophoretic mig^atiop orjde^r is:. . . % _ . } ^ . 



v h 9rmer>ClS-merXhridge4 poryugate>> , 
single lii^gexonjugates>disulfi^ 

■. _ (for each peptide) .? .... ; ... ^ 



... f . - Here r -gel electrophoresis is- a powerful tool to distinguish these 

fc . f . compounds. r £i . .- c ^ ■ , -v. i -; s x : rzc-- : v..~~- 



. . The amount .*of ( each oligonucleotide conjugate was determined by 

optical density absorption. at 260 nm. The peptide-9-mer I and the disulfide-linked 
,^ dimer, 9 merTl-pq)tide-peptide-? mer I, should give, 1:1 molar, ratio of DNA to 
- : peptide, whereas : the bridged, conj ugates shpy Id gi ve, 2: 1 ratio of DNA to . peptide. 
20 . The measured values 0.9 and, 1.9, respectively, within experimentgl error 

of the expected integer ratipv , - , . s : . - , . 

^ , , . ^ ^ " f - • « ' • ' - *> ■ - - - - " * f ~* 

: " * : " * ' ;'f i"* 'V;^/ J; •"'***' , • I,'*;. ' - - " ' r r ',.' V T ' 

r .... - . - ....... ^ Mixing Curves ; . . .. ; . 



25 :> . v . ..The stpicliipnjet^y of the.duplex formation of bridged conjugate and 

single-stranded DNA was studied by the metho£ of continuous fractions X25). The 
comparison between 9-mer I:T24-mer:9-mer II di-duplex and /W?3/:T24-mer duplex 
was made. , ^Inflection Fqint§ ^t . a^mole .fraction . of ,0,48j-r0.47 were obtained 
respectively for 9-mer I:T24-mer:9-mer II di-duplex and 7/ J Rj/:T24-mer duplex 
30 - from the mixing. curves (Figure d). 9-mer Land 9rmer,n bind to two different sites 
? of T24-jnei^ .The m i? c "}& curves proved that once, two 9-mers were linked by a 
t peptide bridge^ they- are still able to bind cooperatively to the target by Watson- 
i . Crick duplex formation. . ■ .., 7 .. A . . . , . . 

35 . . : , ^, ^Melting Curves., 

The hybridization of the conjugates and the parent oligonucleotides to 
T24-mer haying complementary .sequences was ; determined by analysis of UV 
absorbance versus temperature melting curves ^Figure 5). The 9-mer I plus 9rmer 
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: H h^two bindiiig sites ori*T2^fr&/§Hd gav^^b 1 thermal - tt^sitibns'ton <m^ting 
fcarve : i : '(tii of 25^b*C ^ ^ 

dupife^^^ ^ubtt<&-W tontent and'both 

; 5 i: tod'3* ehd 9^werl r diil^ 'contained 22% GC 

content and thus hitfl aTdwerTM l£an^-mW^ to a 

peptide (as RjT), only one thermal transition was observed (curve 2, of 36°C). 
The Tm increase suggested that the j^siSvfe tftarged peptide help the hybridization 
of 9-mer I to thebiftdiiig site of T24-me*; In both cases, no cooperative binding of 
9-mer I and 9-mer II was detected. 0 Melting^ curve 1 and 2 were broad, possibly 
due to the secondary structure of T24-mer target. The bridged conjugate, 9-mer n- 
v peptide-9-rti^r I; had much Higher T^j (cbVve"3V J 4; 5): The transition curves were 
also considerably steeper. These results indicate that the peptide bridge allows the 
two 9-rners to bind to the complementary strand in a cooperative manner. Besides, 
melting temperatures of bridged "torijugatS*t^"'T24-mer were increased with the 
addition of the positive charges on the peptide bridges, Cys-(Arg) n -Cys (n = 3, 5, 
7). 7/)?5/:T24-mer tiuiplix ftiad a Tm of 1 °C higher than ; /J^/:T24-mer duplex. 
llRyhTlA-mtf duplex had a even higher r Tj^r which' was 2.5 °C higher ! thah 
7/>fj7:T24-mef. This evidence supports ttife design that the - peptide bridge incrbases 
thfe-duplex stability through the 1 irit^ilction ^itli the phosphate grbups and bases of 
the; oligonucreotides. Thus*, at " physiological temperature * (37* C), neither 9-mer 
would be expected to hybridize to the target, wheireas strong hybridization would 
occur when these two 9-mers are bridged. The proper orientation of guanidirie 
group in the peptide is very inlpbrtant td peptide-nucleic acid interaction. HfD-RJjI 
and IR^ll, I1(D-R)<jl were made to see if stereochemistry have any effects on 
" hybridization prbpettyv bat ffiey shbWedf thfer sam^iiieltiiig temperatures as IIR3I, 
r 7/^/ respectively (i&ata ncn shciwh); rr d t - v/ A IQ tstnsw-^sius 

" Effects It GsipSize afrd Peptide*^ fiyfcrid^tion °^ n 5 JW 

— , ^ro !>7:\-;>V ...iiu. b-:!> t l r%-;v v?t *r.- : -;.T:C -:>; /u.^qpt: 

. i r Thfe hybridation properties J of bridg^ 

- investigated by varying the^numberpf nucleotides between two*9-mer t bintfing sites 
on the oligonucleotide target. ; ° To mini rhize the ^fluence" of the sequence 
specificity, the sequences of two 9-mer binding sites are remained the* same for all 
the targets. Gap size 4 and 6 were generated by adding T nucleotides to T24-mer 
in the gap region. The sizes 6f the peptide and the gap are all critical for 
hybridization property of a bridged conjugate. For a certain peptide bridge, a small 
gap would make it bulge out arid cannot fit well in the gap* region. But the too 
large gap makes the gap region bulge out and generates the ? difficulty for better 
hybridization. As in Figure 6, melting temperatures with gap size 3, 4, 6 on the 
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.togef. weg^ measured. . Almost the s^eTj^ v^as, observed with gap size,3.?nd 4, a 

-;T}# . decrease, pf,ZX witfi gap j; size ; 0, and decrease of 4c0^2°C ( with gap size 6. 
■» Tta r vme^S;&atprop^^ h^bridizatiop^TOd^top sn^U or 

, too l^urge space 4ecrase ;i .the duplex, stability. . Compar^.tiiree, tafdgsd opnjygates 
tested,, there was a ^vdency 4that bridged ^njygate with longer-p^tidp bridge had 
less decrease in Tj^with the increase, of the gap, size. JIR yl bridge conjugate had 
stronger binding strength for ^l^mplementaiy strands tested than IZRgI and HR5I 
conjugates. A perfect matched C18-mer:T18-mer duplex in the same condition had 

-£.Tm of 57°C (data,not shpwn). For bridged conjugate:DNA target, the : reason of 
the reaction in duplex stability ;is lack of the nearest-neighbor interaction for the . 
last nucleotides at 3Jt[ end of^9 T mer I and ^ end of 9-mer JI (28). , , : 

.;Vt.>£ 'A" cr z' 1 V. v^;.^;--o U ■ -.1.. .; .;V ; !..: 

Salt Dependence of Hybridization ( ^ r „ 

, t , , , :? ... To fin£ the optimal qond^tions for duplex formation of bridged ^ 
conjugate and DNA target, the^salt dependence of hybridization Avas evaluated 
•* (Figure 7). The melting curves^were measured at three different salt concentrations 
(0, 0. 1M and T.OM) . A large increasp i; in Tjy^ (13°C) was observed when salt 
concentration was changed from© to 0JLM.~ There was only a 8°C increase in Tj^ 
from 0.1M to 1.0M NaCl concentration. The gap sizes did not :influence this T^f r 
^change^ For the perfect matched .C18-mer:T18-mer, the inprease was ^ven higher 
" f^4h5!C ^ NaCi)/thus^the two 

.stage incrieases were ,15.;5^ .Therefore, the. bridged 

conjugates showed les t s ^t,dependenpe,th<in , normal pUgqnucleotides, r 

Bridge^ conja^ates using, pther polycations were alsa prepared.- The 
bridging compounds were Cys-(His)3~Cys, Cys-(Je/m-Orn)iQ-Cys, and Cys-(Leu- 
Lys)2*Lys-(Leu-Lys)2-Cys, where v the cysteine residues were utilized for linkage to 
the oligonucleotide pair. These compounds were synthesized, purified, and 
analyzed by,PAGEin,a manner^imilar to that described aboye. 

•;■-;;*■*. :< .< /. -; Discussion m . 

A procedure for synthesizing and purifying the bridged conjugates 
containing positive charged peptide £S.the bridge was designed and developed. The 
bridge concept can function to; improve strength of- hybridization - through 
electrostatic interaction and hydrogen bonding, as proved by Tjj measurements. 
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Thfc gap size on : the toget shoil^ achieve optimal 

" hySridization. Thfc peptiti£ 7 6ndge caif bYitfg : bfir& pfcpe&es*te"bitgo^ 
^sStefr as ' tfie f %Hafp>dnaB^^ off" a : riboHiide^sb : Wtrwb? iMb" tHe s bi^|e ,; "(29). * The 
Soii^ucliM^ affl^t^aritflngh sp^ifidty^tb AS 

^a^Bindfo'g *site; ? and~tHe ? peptidb nu?niVii&^ d£ nucleic acid 

"an3 J then leases the cle&vfed fragiiferi^^ actiVe J site : . J "The -bridged 

ky c6njugat& differ from tlie^irigle^^ the conformation 

'change of ^ to 
' Synthesize' the- ^njugates' Bridged c t>y ^ "peptMfe^ ^setidopeptide, - or polyamine 
cbntainihg dhe^r mbt& positive chargifef Sinu&rVyy the conjugate& c witH Negative 
charged bridge can ^ISo^e acHieved thi^v^afy; ^siftce* there i^-a change in het charges 
of the compounds. This provides the possibility of incorporating a variety of 
components as the t^dgeJ^* :r il h * iSfr UQp 

; -Si - . --^e'-'iiyb^diSation prBpdfty of J the ^ridgki conjugates to single- 
r - sfirancfed DNA'iarget Was studied/ n The T24-mer sequence is from i fragment (base 
65-88) oh-m^traiikcript of killer virus of thte ^esasf Satcchja^omyces cerevisiae. This 
will allow the sam£ bridged conjugates to "6e : used in the pHysicochemical* studies for 
theW vitro bicassay.^ Single- r stratnded : RNA r *ftight^toe"V^'&te^t^et 'for the 
conjugates* with aif arginine peptide brifigev since atfginiiie: wai demohstrated to have 
specific RNA Te^gtiiHon (SO). A stra^egir^ &e ! t^et : RN/£ may contain a 
specific arginine-blhding rilotif zii& tivtf sifigfe ^a^d^c^m^femdntafy s&juences. 
The bridged' : cx>ni^gates are ; pdssibly 6apkbfe a 8f binding ^temafte staa^ds bf duplex 
DNA to form Wple h^x iihder ph^ wjjsjt&:: 

Throughout ffiiS* appliiiStioW, various publications have been 
referenced. The disclosures in these publications are incorporated herein by 
reference in ofderto tbore fuH^'descnbe the state^of-the afG-- rntl 

ice- "<n:zLr": 
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While the invention has been particularly described in terms of 
specific embodiments, those skilled in the art will understand in view of tlie r present 
I disclosure that numerous variations r and modifications upon the invention are now 
enabled, which variations and modifications are not to be regarded as a departure 
from the spirit and scope of the* inVention^ u Accordingly, the invention is to be 
broadly construed and limited only by the scope and spirit of the following claims. 
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1. A bridged polycationic polymer-oligonucleotide conjugate 
'^'-coiHp^mg^j^iyc^^c palyfeef-cbvaleBtiy bdhd&'k^ch^ehd to a polyanionic 
5 oligonucleotide via a cross-linking agent, wherein the polycationic polymer may be 
represented by the formula: 

R2-[XRi c HCO] a -R 3 (I) 
10 I 

NH 2 

- jot the formula: _ : > -v^^hn,; ;,fv, -,f z-*Jll~h *n-r* -jv.jV '5 cPic 

, t R7 . R4TR5 , , 

or (he-forbids _ ^ >' n ':q. b; .*o 0 vho ^jr-rib-- \>*.r:r j. . n<: 



20 



25 or the formula: 



R 2 -[XCHCOXR 6 CO] a -R 3 (III) 
R5-R4 R 7 



R2-[[ NH ( CH 2)b3ctNH(CH 2 ) d ] e ]f tNH(CH 2 ) g ] h -NHR 2 (IV) 
or the formula: 

R 2 -[XCHCO]i-R3 (V) 
R4-R5 



wherein X is selected from the group consisting of -NH-, -0-, and -S-; Ri is a 
substituted or unsubstituted branched or unbranched lower-alkyl chain having from 
1 to 4 carbon atoms in the chain; R2 and R3 are cross-linking agents covalently 
linking the polycationic polymer to the oligonucleotide; R4 is a substituted or 

4 0 unsubstituted branched or unbranched lower-alkyl chain having from 1 to 5 carbon 
atoms in the chain; R5 is selected from the group consisting of primary amines, 
secondary amines, tertiary amines, quaternary ammonium salts, imidazoles, and 
guanidine groups; Rg is an alkyl chain having from 1 to 2 carbon atoms; R7 is 
selected from the group consisting of hydrogen, branched and unbranched lower- 

45 alkyl groups having from 1 to 5 carbon atoms, -CH2C6H5, and -(CH2) z COR3, 
wherein 2 is an integer ranging from 0 to 3 and R3 is as defined above; a is an 
integer ranging from about 3 to about 12; b is an integer ranging from about 2 to 
about 5; c is an integer ranging from about 0 to about 3; d is an integer ranging 
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from about 2 to about -5; e is an integer ranging from, about 0 to about 3;_f is an 
integer ranging from about 2 to about 9; g is an integer ranging frpm about 2 to 
about 5; h is an integer ranging from about 0 to about 3; i is an integer ranging 
t from .ftbput 3 ;: to ; ^out J2;.,aj*cLthe .latiq, Qf-^tipos in the polycationic polymer to 
5 \ : ^ anions y>. f tbe polyanionic pligpnucleotide paii; ranges from about. 1:JBL to about 1.5:1, 
respectively. 



10 



15 



2., The bridged conjugate according to claim 1, wherein each 
oligonucleotide independently comprises frpm r &bout 5 to abo^it 24 nucleotides. 

3. The bridged conXugate-. according to claim 2, wherein each 
oligonucleotide independently comprises from about 6 to about 16 nucleotides. 

A.„ The bridged conjugate according to claim 1, wherein X is.-NH-. 

5. . Hie bridged conjugate according to _claim 1, wherein Ri has from 
2 to 3 carbon atoms in the chain" 

6^ The. bridged gonjugate. according to claim J, wherein Ro and R3 

20 are cysteines. 

7. The bridged conjugate according to claim 1, wherein R4 has from 
2 to 4 carbon atoms in the chain. 

25 . t 8. The bridged conjugate. according to claim 1, wherein group R5 is 

guamdme. ; 

. . . ■"' ' .... r;r 

9. The bridged conjugate according to claim 1; wherein group Rg 
, _ has 1 carbon atom. rr .. ■« ■ ^- . — . - 

10. The bridged conjugate kc"cording to claim 1, wherein group R7 
is selected from the group consisting of hydrogen and branched and unbranched 

. lower-^^1 groups haying from 1. to 5 carbon atoms. . 

35 11. The bridged conjugate according to claim 1, wherein a is an 

integer ranging from about 3. to aboot 8,'b is- an integer ranging from about 2 to 
. about 4, c is an integer ranging from about 1 to about 3, d is an integer ranging 
from about 2 to about 4, e is an integer ranging from about 1 to about 3, f is an 
integer ranging from about 2 to about 5, g is an integer ranging from about 2 to 
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about 4, h is an integer 1 ranging ftoin about 1 'to iibdut 3^ land* i is aii 'integer ranging 
from about 3 tb about ?/ - — J *'■'* * 4fc 

au: ^---12:^ The titidgett^^ t6 cliam l*; Whefelh tfee'ratio of 

cations in thejfclj^CatiBm^ atiioiis in ' ! tft'e poly^oillc bli^oridcleotide pair c 

ranges from about 1:6 to about 1:2, respectively. 

' " "13. The bridged ^Hdnjugat^ according to claim 1, wherein the 

poiycationic polyiWer may bb represehted'by the formula: ~ : 

o 

14. A pharmaceutical composition comprising a pharmaceutical^ 
* acceptable "camer^dlthe bridged i conjugate acbbfdirig to cliim 7 L 

4 '15. A *meth6cf for pif^paring' a "bndgeS polycationic polymer- 

oligonucleotide conjugate comprising a pol y cation ic polymer u covalerftly bonded at 
each end to a polyanionic oligonucleotide via a cross-linking agent, wherein the 
pplycatiohib pblymermay be represented by thfe fonhiflaf" 1 



R 2 -[XR 1 CHCO] a -R 3 (I) 

i.s.;i o- 2 :/ :--|-?:j;rro^ tan h re -?r * >' ■ 
NH2 ~ 



or the formula: 

ri •% n:t.ir, > . - ~ - '^-[^etoi&edj^^* ~ : •« (H) :: 

R 7 R4-R5 

or the formula: 1 ... *-■.%■/ ?s'* testes .'2 

R 2 -[XCHCOXR 6 CO] a -R 3 ^ : 7° 1 'fill) 

II C 



or the formula: - ■•: ' : ::-? i.U tioi .a. . : 

R 2 - [ [NH (CH 2 ) fa] cCNH (CH 2 ") d/elf tNH (dH£yg) h -&lSg '(IV) 



or the formula: , . - . . . •.. ,. r - - • . ; . r , v 

: R 2 -[XC«co].i-R3 : • ' .c'l (V) 
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integer ranging from about 3 to about 12; b is an integer ranging from about 2 to 
about 5; c is an integer ranging from about 0 to about 3; d is an integer ranging 
from about 2 to about 5; e is an integer ranging from about 0 to about 3; f is an 
integer ranging from about 2 to about 9; g is an integer ranging from about 2 to 
about 5; h is an integer ranging from about 0 to about 3; i is an integer ranging 
from about 3 to about 12; and the ratio of cations in the polycationic polymer to 
anions in the polyanionic oligonucleotide pair ranges from about 1:8 to about 1,5:1, 
respectively; 

which comprises the steps of: 

(1) providing the polyanionic oligonucleotides; 

(2) providing the polycationic polymer; 

(3) coupling the polyanionic oligonucleotides to the polycationic polymer via 
the cross linking agents. 



oligonucleotide covalently bonded to a polycationic polymer via a cross-linking 
agent, wherein the polycationic polymer is represented by the formula: 



wherein X is selected from the group consisting of -NH-, -O, and -S-; R2 is 
independently selected from the group consisting of hydrogen, acyl groups, cross- 
linking agents covalently linking the polycationic polymer to the oligonucleotide, 
and chemotherapeutic agents; R3 is selected from the group consisting of -NRR\ - 
OR", cross-linking agents covalently linking the polycationic polymer to the 
oligonucleotide, and chemotherapeutic agents; R4 is a substituted or unsubstituted 



16. 



A paired-ion oligonucleotide comprising a polyanionic 



R 2 -[XCHCO]i-R 3 



(V) 



R4-R5 
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- * brianched : o* unbrarichfed loWer-Myl cKaftr IT&in^ tfom 7 f io 5 tarftcm atoms ' in the 

^^ai^K^^ ilMn^ R and 

v) ' ^^^ b^thi nm"&*%f^^ frob^ffie group 

5 :ir ' A - ; ^n^^g^%dr6g^ branched ind uhbranch'Sd 16v^^l^ , g^oups, ^ ia^^d r ^R ,, is 
*'* ' Edited from the grbiip consisting of brafi&hed ^cf uribi^c^ 
r * ekch ibWef-alkyf^rbUp ha&ngf from Y to ; 6 dtrbra atoms; wherfeiri-at leas£drte of R2 
• T ■ oriGIS a^k^liftk&g agferit^ iis inlnftfeger taiiging from'^bout 34b fcbouf 12; and 
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io - olig<ku£l&>tM^^ 
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Figure 1 
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